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PREFACE. 


IT KNOW not ‘of any work profeffedly 
written on Diftortions of the Spine, with a 
view of inveftigating the ftate of mechani- 
cal defect, and of afcertaining the maximum 
of relief which may be derived from artifia 
cial contrivances. 

Gliffon, in his Treatife on Rickets, al- 
though he attributes diftortion to the action 
of a peculiar kind of virus, yet he adopted 
a mode of extenfion, by fwinging a child on 
an efcarpolette : an infant cannot fuffer fuch 
a fufpenfion for more than a quarter of an 
hour, a time too fhort to afford the leaft re- 
lief. . Heifter fuppofed that a diftortion might 
be removed by means of a continual pref- 
- fure; with this view he firft made ufe of a 
back board. It requires but little knowledge 
of mechanics to demonftrate the inefficacy 
of fuch‘a mode, and ftill lefs knowledge of 
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phyfiology, to point out the great impro- 
priety of fuch an application: fome in- 
ftances are recorded where the moft excru- | 
clating tortures have been inflicted when this — 
method has been carried to a greater extent ; 
the cafe of Madame de Montmorenci is il- 
-Juftrative of this, Dr. Ronchin thought of 
reducing the diftortion of .her fpine by 
means of a violent preffure; we can nolonger > 
wonder at the mode of his treatment, when 
we read his proximate caufe of the difeafe. 
‘* Une luxation de deux vertébres par un 
“ catarrh tombé du cerveau fur Pepine.” 

When the celebrated Mayou and Petit had 
obferved that the moft rational method of - 
affording relief was to take off the weight 
of the head and of the fuperior parts, fome 
attention was paid to the conftrution of 
_machines conducive to fuch an effed.  . 

In the fourth volume of the Memoirs of 
the Royal Academy of Surgery of Paris, — 
p. 605, there is a fhort Eflay de la coubure 
de lepine, where an inftrument is propofed 
to take off the weight of the head, con- 
fructed in a fimilar manner with the {pinal 
machines which are made ufe of by Mr. 
Jones and others. I have endeavoured ‘to 


prove, 
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prove, upon principles that are not merely 
fpeculative, that the relief afforded by ab- 
_ ftracting the weight of the head is propor- 
tionally {mall to what is requifite, and few 
there are who can fubmit to the continued 
“uncomfortable preffure of fuch a machine ; 
the deftruction of all motion of the head, 
and the interruption to the circulation through 
_ the temporal veffels, increafe the languid 
{tate peculiar to rachitic conftitutions, and 
ultimately aggravate that complaint which it 
was intended to relieve. 

We fhould endeavour to remove the whole 
bearing on the weakened portion, by fup- _ 
porting that point where the united powers | 
ef the corporeal mafs tend. This point, 

—ufually known by the name of centre of 
_ gravity, varies in its pofition according to 
| the ftate of diftortion, to the afcertain- 
ment of which is the principal purport of 
the following Effay. 
_ Tothis point the centre of action of our 
: inftruments fhould be applied, and fuch 
“may eafily be effected without producing the 
leaft uncomfortable fenfation, and be perma- 
nently worn with not only eafe to the pa- 
tient, but alfo invifible to others. 
| a 2 It 
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It does not appear that there is ever the 
leaft neceflity, in any cafe of diftortion, of 
controlling the head by the application of - 
inftruments, which, in the generality of - 
cafes, injure more than they affift. It is not — 
merely the diftortion to be confidered, all 
circumftances relative’ to the conftitution 
fhould. be maturely. inveftigated 3 not only 
the afcertainment of the deficiency of fup- 
port from. the ftate of incurvation, to regu- 
late the power of our, inftrument, alfo of 
the caufe from whence the difeafe may have 
originated. ! 

How empirical would our rivathicls be if 
our treatment fhould be uniformly the fame, 
Whether the diftortion is conftitutional; or 
arifing from any permanent — Or €x- 
an violence. 7 

Such we find is the cafe by selingalthid 
this important branch of {urgery to thofe 
who, from their purfuits, cannot be expected 
to have any idea of the animal ceconomy ; 
the fame. formed. infrument ‘is indifcrimi- 
nately uféd, whatever may be the nature of 
the diftortion; no re{pect is paid ‘to the ftate 
of the conftitution, therobuft and the deli- 
cate are treated fimilar; the fpine.is ated on — 

| like 
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like a piece of iron, as if it could be ham- 
~ mered and tempered at will. 

~ Why this furgical department fhould have 
peculiarly fallen into the hands of mecha- 
-- nics, may in fome refpects be owing to the. 
~ abfurd practice of fome profeflional charac- 
ters. Thus in the Orthopfedia of Dr. An-. 
dry, we find recommended the placing the 
child’s back on a large loaf, quite hot from 
the oven, and the cruft removed, and there 
to remain till the loaf cools; this repeated 
every morning for nine times, and if pain 
is produced the prognofis is good. 
~ Such magic remedies as thefe might be ad- 
miffible in the elegant Latin poems of the 
.. Pedotrophia of Scevole de Sainte Marthe, 
or the Callepedia of Claude Quillet. 

In a voluminous work, profeffedly writ- 
~ ten on diftortions by one of the firft Parifian 
practitioners, what can we think of princi- 
sles on which fuch practice is founded ? 

To thofe who have paid fome attention to 
mechanical purfuits, I fubmit the following 
Effay ; if in any part I fhould not have ex- 
preffed my fentiments with that perfpicuity 
which is necefflary, I fhould decm any per- 
fonal reference an honour, and fhould be 


happy 
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happy in fubmitting to any one’s inveftiga- 
tion the conftruction of thofe inftruments 
which I have, and which appear to me re- 
concileable to the fubfequent theory, 

The Effay on the Motive Power of ani- 
ec would have been more correct, had I~ 
confulted Mr. Coleman, the ingenious Pro- 
feffor of the Veterinary College, whofe 
friendly liberality I have heretofore experi- 
enced, and from whofe extenfive informa- 
tion I might have derived corifiderable ad~ 
vantage. 

The Effays on the Senfes and the Proper: 
ties of Matter are the outlines of what I — 
have lately prefumed to give in my Lectures 
on Experimental Philofophy ; they were ar- 
-yanged for the Student, and for fuch are now 
publifhed ; they were drawn up with a view 
of removing any {cepticifm which might 
be founded on any fuppofed fallacioufnefs of 
the fenfes, or on the ideal powers on which 
might be imagined depends the exiftence of 
matter. 

‘If by any exertions af mine the fudy of 
philofophy fhould any ways be facilitated, 
it by any explanations I have attempted the 
fundamental principles fhould be eafier 

comprehended, 
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seompitthiondeds my purpofe will be fully an 
{wered. 

Some opinions, which to me appear new, 
I fubmit with the utmoft deference to the 
Public; if they are probably right, their 
candour will admit them; if they are erro- 
neous, their correétions will be refpectfully 
attended to. : 

For the freedom. I have thitulped in with 
re{pect to the infertion of fo many notes, 
will, I hope, be excufed, as it 1s only for 
‘the young philofopher I now write, and for 
whom I have ftudioufly embraced every op- 
portunity of attempting to explain any cir- 
cumftance, whether directly or indirectly 
connected with my fubject. 

To Mr. J. Parkinfon I feel myfelf ehuli: | 
arly indebted for the affiftance which his in- 
comparable Mufeum has afforded me. If I 
might prefume to dictate to the Student in, 
Philofophy, I wouldearneftly recommend him 
to devote a portion of his time to a minute 
examination of the valuable colleGtion in the 
Levertan Mufeum; there he would fee Na- 
ture in her beft attire, her moft valuable — 
productions difplayed to the greateft advan- 
tage ; what he reads, he would here find ex- 

2 emplified ; 


: ( Hee st 
emplified ; and whatever branch of Natural 
Philofophy may be more peculiarly his ob- 
ject, he would here meet with every illuf- 
trative {pecimen. 


N.B. For the accommodation of Stu- 
dents, Mr. Parkinfon, the prefent Proprie- 
tor, has reduced the fubfcription to Two 
Guineas for half a year, for which time any 
perfon may daily vifit the Mufeum,: and, 
remain there as long as it is agreeable. If a 
Student fhould devote an hour or two daily 
in examining the fpecimens illuftrative of 
his ftudies, at the expiration of fix months 
he would be convinced of the value of bis 
acquifition. 


AN 


AN 


ESSAY, & 


SPINE, 


By the Spine is meant that chain of bones which 
follow one another, without interruption, from 
the os occipitis; or the hinder part of the head, 
_ along the pofterior part of the body, forming a 
pillar of fupport to the animal machine. 
_. The bones which form the Spine are ufually 
known by the name of Vertebre*, thus called, 
becaufe on thefe the feveral motions of the trunk 
of our bodies are performed. | 
The Spine fomewhat refembles two unequal 
pyramids joined in a common bafe. It is not, 
however, ftraight, but ferpentine in its dire@tion, 
and is commonly divided into true and falfe ver- 
tebre; the former conftituting the long upper py- 


* Vertebra is derived from verto, to turn.—Cervix ¢ multis 
vertebratifque orbiculatim offibus flexilis.—Plin. 11. 37. 
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‘tarttid, which has its bafe below, while the falfe 
vertebra make the fhorter lower pyramid, whofe 
bafe is above. , 

The true vertebre are the twenty-four upper 
bones of the Spine: as on thefe the motions of ° 
the trunk folely depend, they alone will be the 
fubjeat of inveftigation of this little Effay. 

The vertebre, conftituting fo many different 
joints, muit in their refpeGtive motions move the 
fuperincumbent mafs, the weight neceffarily in- 
ereafing on each vertebra the nearer it is fituated 
io the bafe. 

When, from any conftitutional affe€tions or lo- 
cal injury, the curvature of the Spine becomes 
altered, what at firft was but a flight derangement, 
yet difproportionate to the weight it ought to 
bear, gradually gives way to the fuperincumbent 
prefflure, and ultimately becomes an extenfive — 
diftortion. 

In its earlier ftage a. tendency to incurvation 
may in general be remedied, although this is rarely 
the cafe when Ina more advanced period; a pre- 
vention of its increafe becomes an objeét of con- 
fideration. 

This Effay is only intended to examine what 
aid artificial contrivances may afford, and to en- 
deavour to afcertain, on pure mechanical prin- 
ciples, how far we may approximate. the admira- 
bly-regulated fupport of the different vertebre.in 
their natural flate of curvature, that we may give 

{trength 
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- ftrength to that part which is affefted, and yet in- 
‘terrupt no corporeal motions; that our mechani- 
cal contrivances be as fimple and light as poflible, 
neither inconvenient from their weight, nor trou- 
blefome from their preffure. | 
In the firft point ‘of view we fhall oe the 
Spine as a pillar of fupport, divefted of powers of 
life, and fubje& to fuch laws as are reducible to 
the principles of mechanics. The Spine not hav- 
ing thus been confidered, is the reafon why the 
machines hitherto made ufe of are inadequate to 
the produftion of any good effe&t. We find the 
fame ill-contrived braces or collars applied alike 
in every cafe, whether the diftortion be in the 
~ neck, the back, or the loins. 

In an inveftigation of any mechanical inftru- 
ment, whofe power we wifh to afcertain, that point 
* which tends to the centre of the earth, with the 
united forces of all the gravitating particles of that 
_inftrument, muft previoufly be determined. This 
common point is called the Centre of Gravity. 
If the fame body varies in its figure, the Centre 
of Gravity varies in its pofition alfo: fo with the 
Spine, the Centre of Gravity is regulated by the 
{late of incurvation. As it 1s to this point all the 
- powers tend, it is here alfo our his abee fhould be 
given. 

By fuch a mode of procedure we may prefume 
that great practical deduétions may be made; that 
our reafoning may not be uncertain or vague, but 

Ba deducible 
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deducible from, incontrovertible principles; that 
our powers of relief may be greater, becaufe they 
may be more certain. 

In the firft place, I fhall oak gt to point out 
the admirable properties of the natural-formed 
Spine, to fhew the convenience of its curvilinear 
form, although in fome refpects there appears a 
diminution of ftrength, and to evince that great 

extent of motion derived from the vertebral 
portions. 

As in my enquiries refpe€ting the refiftance of 
bodies I fhall have frequent occafion to make 
ufe of the terms Centres of Gravity, and of Per- 
cuffion, it may not be deemed improper to previ- 
oufly explain what are meant by thefe terms, as 
this little Effay may fall into the hands of thofe 
whofe avocations may not admit of any attention 
to mechanical purfuits. 


CENTRE OF GRAVITY, 


IN every body there is one common point 
which tends to the centre of the earth, with the 
united forces of all the gravitating particles which 
eompofe that body, which point is called its 
Centre of Gravity; and that line which this point 
would defcribe in falling towards the earth. is 
called the line of direction, and always perpen- 
ficular to the horizon. Thus in every building, 

es however 
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however inclined, when the line of. direGion falls 
within its bafe, it 1s neceflarily fupported, as is 
the cafe with the inclined tower at Bologna. In 
a f{phere, the Centre of Gravity is the centre of 
the body itfelf, becaufe round this point, if fuf- 
pended, the whole would revolve; the fpherical 
portion of one fide not preponderating that on the . 
other, the whole would be in gquilibrio. 

In an homogeneous cylindrical body the Centre _ 
of Gravity is neceflarily placed in the middle of 
the axis; in a cone, the centre is in the axis, . 
three-fourths of its length from the apex. 


CENTRE OF PERCUSSION, 


BY the Centre of Percuffion is meant the cen- 
tre of the ftriking or percuflive power of a body. 
When a body is thrown into motion, fuppofing, 
at the inftant fuch motion is communicated, the 
body is divided into many equal portions, each 
portion would acquire a momentum in ratio of its 
diftance from the centre of motion; fo that one 
portion, fituated at double the diftance of another, 
would have double momentum; for being re- 
moved as far again from the centre of motion as 
the other, its velocity, or the fpace through which — 
it would move in the fame time, would be double; 
and as this, multiplied by the quantity of matter, 
expreffes the momentum, the momenta of the dif- 

ferent 
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ferent portions will neceffarily be in the ratio. -of 
their diftances. 

| By confidering the portions as unconnected, 
we find cach has a greater percuffive force as it 
is more remote from the centre. In a walking- 
flick, in giving a blow therewith, the centre of 
motion is in the hand; we are very fenfible that 
the part of the ftick more remote from the hand 
is more powerful in a percuflive or ftriking effect 
than the part contiguous to the hand. As every 

| particle of the flick is in a {tate of mechanical 
union, the feveral powers of the refpeétive portions, 
all united, will conflitute, of the whole flick, one 
compound force, that will be the maximum at fome 
point between the extremes, 2. e, 1f we confider 
the ftick as cylindrical, the Centre of Percuffion 
will be two-thirds of its length from the hand: if, 
like the Spine, of a conical taper, then the centre 
will be nearer the hand. Thus it will appear that 
the Centre of Percuffion, in a moving ‘body, is 
that point which, if acting againft an immoveable 
obflacle, the motion ofthe body would be de- 
ftroyed. If the percuffive forces on each fide of 
the centre were not equal, the one fide not being 
counteracted by an equivalent force, the fuperior 
power would continue to move forwards after the 
ftroke, fo that the motion of the whole rod would 
not be fpent upon the obftacle. When we find 
‘the momenta of all the different portions are reci- 
procally as their diftances from any particular 
| : point, 
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point, all their forces are concenitrated - in that 
point, which is called the Centre of Percuffion. 
It may, perhaps, be neceflary to obferve, that 
with vibrating bodies the Centre ‘of Percuffion 
and the Centre of Ofcillation are one and the 
fame; the Centre of Ofcillation, in a moving 
pendulous body, being that point where; if a 
corpufcle were fufpended, it would vibrate the 
fame time as the body does. 

It has been already obferved, that the Centre 
of Percuffion, in any even homogeneous body, is 
two-thirds ofits length remote from the point about 
which it moves: fo we find ma pendulum that 
vibrates feconds, being 39-2 mches long, is 
ifochronal to the vibration of any ftraight even 
rod, whether fquare or round, whofe length is 58-8 
inches, viz. the former being only two-thirds of 
the. length of the latter: as in many bodies 
the Centtes of Ofcillation and Percuffion do not 
coincide, they cannot be indifcriminately ufed. 

That we may afcertain the ratio of the ftrefs. 
between a perpendicular and an inclined pillar, 
it may not be improper previoufly to fhew what 
fupport an horizontal portion would bear ; as this 
cannot be known till the Centres of Gravity and 
Percuffion are given, thefe muft previoufly be 
found. : , 

_ In the cylinder ABCDEF put AB =a, 
and the area of the circle BE FG = J. and 
“AL = 4, the diflance of the Centre of Gravity 
from 


Fou tee, 
from A, « b, will exprefs the contents of 
that portion of the cylinder ANM _ and 
zx x6 the content of the remaining por- 
tion. As the Centre of Gravity has equal quan= 
tities of matter on each fide «5b = ab — dbx 
‘4.¢” = 1a, fo that L is the Centre of Gravity — 
co half AB. 


TO ASCERTAIN THE CENTRE OF 
PERCUSSION. | 


if we put AB = «, the atea of the circle 
EF = 1: ap, then 4 aps, the fluxion of the 
weights, this multiplied by the length or velo 
city, will give 1 apxx- = the momenta, the fluxion 
of the forces = 4 apx’«*, whofe fluent =, divi- 
ded by the momenta ss will give 44 = 4. 
AB for the centre of force from thé axis A. — 
Thefe being premifed, let us put g = the 
Centre of Gravity, and p the Centre of Per- 
cuffion. , | 
Suppofing abc is a tranfverfe fe€tion, and dé 
fg are ordinates parallel to the bafe, and infi- 
nitely near each other. Suppofing ac= yr, be 
29, 0S Sek, JS CS, of oo KLE 
cylinder be fupported by a block at ACD, and 
ated upon by a weight at D W, fo as to break 
it, it muft appear evident that the feparation 
mult 


(a). 
#iuft firft take place at the point a, (which in a 
fufible body is precifely that point of expanfion, 
at which it would become fluid by heat) and the 
nearer the fibres are towards bc, the lefs they are 
aéted on: hence at f= — and of all the fibres in 


abcdefg =< xX ef, and the fum of all the 
powers in the whole feétion, equal to the fum of 
a ? oe an 

all the —+ X ef, let g and g exprels the diftances 
of the Centre of Percuffion, and Centre of 
“Gravity from c¢ g the axis of motion; therefore 


the fum of all'the2— Pg m= Sf. x abc, there- 
Tv (a % 


fore the ftrength of the beam at ¢ = gf x ERG. 
we. fuppole the length A.B = J, then 
aoe ye £2. 

: 
when drawn in dire&tion of its length; z.¢. fup- 
pofing the tibia to be an inch in diameter, and a 
foot long, if fupported at both ends, and 30olb. 
would break it, when applied lengthways it 
would require 2700]|b. 

N.B. In the former part it was fuppofed the 
pillar was fupported, in an horizontal pofition, 
only by a block at one end: if fupported on 
both ends, and the weight breaks it in the mid- 
die, the axis of motion will then be on the up- 
per fide, and from this the Centres of Gravity 
and Percuffion muft be meafured, as the un- © 
der part in this pofition is put to the ftretch: 
in this cafe we muft divide it into two cy-~ 

C linders, 


x ERG will exprefs the refitance 


( 10 ) 
linders, therefore 7 muft be taken for half the 
length, and oh <— x ERG for half the refiftance. 

It appears ‘that a cylinder of this fize will 
fupport perpendicularly nine times more than it 
will horizontally; not that this is an univerfal 
ratio in every length of cylinders, for they may be 
of fucha length as not to fupport their own weight, 
as the ftrefs increafes in a greater ratio than the 
ftrength. It is this circumftance that limits the 
magnitude of bones, and confequently a limit to 
the fize of animals: when the fize of animals is di-. 
minifhed, their ftrength is not diminifhed in the 
fame proportion. ‘We fee a dog will carry more 
than its own weight, which a horfe could not do. 
It is upon this principle, is eafily explained that 
mechanical paradox, where a part fhall be ftronger 
than the whole: a piece of wood, in the fotm ofa © 
triangular prifm, a portion being cut away parallek 
to the bafe, the remaining part will be ftronger than 
the whole. 

*As the Spine is of a polygonal form, having 
two convexities, ‘the ftrefs upon any particular 
vertebre will be as the cofine of elevation: fup- 
pofing AB to reprefent the Spine, with the cur- 
vature AE EB, if AC be confidered as the 

abiciffa, 


* Quod ad figuram attinet, ea ad equilibrium, fingularum: 

que partium ufus apta eft. 
Nam a facro lumbi primum in priora furgentes, curvantes 
que fe retrorfum, mox reCtiores, in pofteriora modice inclinant, 
fine 
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abfcifla, dc and ab will be ordinates, as being per- 
-pendicular to the abfcifla, the greateft ordinate 
to the curve AE is dc, being about the fixth 
cervical vertebra, and of the arch BE, a3, is the 
greateft about the third lumbar vertebra. At B 
the ordinate is nothing, as it there touches the 
ab{ciffa; the ftrefs on that point is the fame as if 
the bearing had been perpendicular: now as ad 
_is fituated 94 inches from AC, and AB being 18 
inches, the preflure at A ats not in the direétion 
Ac, but in the courfe AC: hence the ftrefs upon 
¢ will be asthe length of the lever dc; and at 4, 
the ftrefs will be expreffed by ab, as ab is 3: in. 
and dc 1: in. the ftrefs at 6 to that at c will be 
eee If we put E a = m = 10 inches ab 
—) = 4) in. then We feos BY, fup- 
pofing from the former calculation this will bear 
g times more Deas than horizontal, we 


fhall have /m* + n . 3 Ie = = 2.97- 


that is, the Spine, if pe he throughout, 
would bear near three times more weight than it 
will in confequence of this curvature; at c the 


finu curyamnis eas in partes directo: eoque thoracem fuftinent 
commodius; neque furgenti eorum in priora curvamini obftant ea, 
guze in ventre repofita funt.—Inde ad dorfum retrorfum inclinans, 
deviter 4 fummo inflexa eft curvaminis finu directo in priora, 
Ac fic conyeniens eft ad formam capacitatis thoracis: qui ex eo 
etiam in priora nimium non inclinat. A dorfo furfum in priora 
cervix tendit, modice reflexa reCteque caput fuftinens, in priorg 
quafi pendulum. Albin de Hatione Spine. 

C2 preflure 
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preflure will be as much again as if perpendicular, 
gOr 2425 2: 2.07 34 nearly. 

If the curvatures of all natural-formed Spines 
had been precifely the fame, it might then have 
been neceffary to have more accurately afcer- 
tained the points of infle€iion and retrogreffion, 
and which are eafily determined in any ferpentine 
curve: as rarely two Spines exactly agree, it 
becomes unneceffary to be minutely particular. 
Nor indeed is it of any material confequence 
whether the admeafurements here affumed are 
very exaét, as the deduétions will be nearly the 
fame. 

Here then would appear a deficiency in. the 
form of the Spine; it would appear that great 
{trength was facrificed in fuch a deviation froma 
perpendicular column: fuppofing the {pine was 
ftraight, and divided into the fame vertebral | 
divifions or joints as at prefent, in almoft every 
motion of the human body the defle&ion from 
the. perpendicular would be greater. In thofe 
pofitions where ftrength is more peculiarly re- 
quired it would become proportionally weakened; 
the fame as is daily feen in the conftru€tion of 
carriage wheels, the {pokes or radii are not made 
to be prefled upon perpendicularly in their com- 
mon motions, but incline towards the horizon, 
known by the term di/hing; that in a cafe of 
neceflity, when the carriage inclines more on one. 
: fide, as this inclines the radii or {pokes become 
more 
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more perpendicular, and more enabled to bear 
the requifite preffure; independent of this, the 
motion of the body required could not be di- 
_wided among all the vertebre; if fo, they muft 
affume a curvilinear form, and confequently the 
body much contraéted, but the joint of any fingle 
vertebra would not admit of any extenfive mo- 
tion, without endangering the medulla fpinalis. 
From the beauteous form of its double curvature 
it preferves nearly an uniformity of {trength, 
admits of thole motory changes, without being 
fubject to any inconvenience. Thus, viewing the 
Spine pofteriorly, we fhall find that by inclining 
our head backwards, fo that the cervical ‘vertebrae 
bend within, the dorfal vertebra, in a propor- 
tionate manner, lofe of their curvature, and ap- 
proach nearer the perpendicular: here then are 
great advantages derived from contrary flexures 
admitting of motion every way without any dimi- 
nution in length: although by fuch an inclination 
the ftrefs on the cervical vertebre is increafed, 
yet the power of fupport in the dorfal is propor- 
tionally augmented. 

Having thus endeavoured to point out the great | 
advantages that are attendant onthe form of the na- | 
tural Spine, I fhall now attempt to fhew the 
equally good effeéts that arife from its articulatory 
divifions. 

Had the Spine been one folid curvilinear pillar, 
only having powers of motions at each extremity, 
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g. €. the atlas or fuperior cervical being one, and 
the inferior lumbar the other; if fuch were the 
cafe, we fhould have been debarred of thofe 
gentle declinations, thofe little motions we are 
every moment making ufe of; for in every change 
of pofture the whole abdominal and thoracic mafs 
to which it is attached would undergo an exten- 
five change of place. In our gentle inclination 
forwards, we fhould not have that accommodating 
curvature of the dorfal vertebra, but the whole 
mafs muft have been unwieldly moved. If the 
column had been divided into two or three arti- 
culations, then the whole motion of the Spine 
would have been divided amongft them, and con- 
fequently in each would have been too great for 
the nervous contents. It is obferved that each 
vertebra will allow of the motion of about one= 
eighth of an inch, without compreffing in the Jeaft 
the {pinal marrow. If there had been only three 
vertebra, the greateft motion the Spine would have 
admitted would have been lefs than one inch; as the 
divifions are greater, the fame little motion to each 
in the accumulated fum will be extenfive, fuppofing 
the Spine 24 inches long, the inferjor lumbar is 
two inches long; if this vertebra moves one= 
eighth of an inch, with refpeét to its joint, it will 
eaufe a motion in the atlas in the ratio of their 
diftances from the centre, viz. 2:24::2: it 
viz. one inch and a half; the fecond lumbar ver- 
tebra being two inches from its centre of motion; 


which 
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which is 22 from the atlas, then 2:22: ie ~- 
— one inch ?; the third lumbar vertebra isi1.8 
-- inch from its centre; then 1.8:20::4:1.4: fo 
thus proceeding with every vertebra, according 
to its length, we fhall find. the atlas, with refpeét 
to the loweft lumbar, will have a motion of near 
24 inches, with the motion of # from the latter. 

It has already been remarked, that every 
change of incurvation of the Spine muft occafion | 
a fimilar change in the Centre of Gravity. As 
this is the point where the centre of a€tion of our 
inftruments fhould be applied, the afcertainment 
of this becomes an objeét of great neceflity. : 

‘The Spine will ftill be regarded as an uncon- 
netted pillar of fupport, as perfectly abftratted 
from any other part of the body to which it is 
attached. — 

Suppofing AB to be the Spine, as the vertebra 
have nearly a regular gradation, it will be more 

_fimple to fele& thofe that are at the points of 

-infle&tion and retrogreffion, the Centre of Gravity, 
-_ of which will neceffarily be the Centre of Gravity 
of the whole. 

If CD bea plane perpendicular to the horizon, 
and DE perpendicular to CD, and to the re- 
fpechive vertebre, the ordinates ad, ed, ef, gh, 
2), be drawn perpendicular to C D, and the lines 
ak, ek, cn, gm, jn, perpendicular to DE, them 
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certain the diftance of the point; or Cenire of 
arth + c2n + Erk 
a figs c+e + 


tet ’ the diftance from the plane DE. 


. In order to facilitate any calculation which 
may be made of the powers of any of the verte- 
bre, I have formed a table of eight columns, in 
which the meafures, extent of motion, and ftrength, 
are particularifed. ‘The firft column fpecifies the 
vertebra; the fecond, the correfponding width of 
each vertebra; the third column the breadth. 
It will be obferved, that the breadth of three cer« 
vical vertebra is omitted, as they are fo thin as to 
be mere fhells; I have calculated their propor- 
tionate maf{s, which is added to the aggregate fum. 
The column fpecifying the extent of motion fig+ 
nifies the extent of motion of each vertebra, when 
a general motion of the whole takes place on the 


Gravity, from the plane CD, and —— 


laft lumbar vertebra. The other two columns aré | 


taken from Borellus. 
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If we take the ratio* of the vertebra we fhalf 
have a= 1, c= 1,¢=2,¢ = 2.7, = 3, andthe 
length of the Spine AB = 24.545 inches, a6 = 
an inch, edt) thee eo 
righ PEO C1 OS ie home we, ge tee: G IN: and 
7 == 2 1n.'then the Centre of Gravity will be 2.27 
inches diftant from the plane CD, and 11.33 from 
the plane DE. Having thus the Centre of Gravity 
of the whole, and regarding the abdomen and tho- 
rax as prefling upon that lumbar vertebra immedi- 
ately on the facrum, the a€tion on this vertebra will 
be as half its diameter is to the diftance between 
its centre and the Centre of Gravity, fo the weight 

of the fuperior part of the body is to the aétion — 
on this vertebra. In a common-fized man, the 
thorax and abdomen, with the contents, weigh 
Go lib. the head and neck 15 lib. ; a weight of 75. 
ib. this vertcbra has to remove: the diflance 

between it and the Centre of Gravity is 9.2 — 
inches; the half diameter is 1.45 inches. Hence 
then, asbelore, (45s 7.9.21: : ge tyre B wiz, 

475-8 lib.: is = to the ftrefs on. this lumbar ver- | 
tebra: the fum of the depths of the five lumbar 
vertebre is 7.49 inches, and of the dorfal 19.83 ; 
fuppofing the weight of the body, if cut in 
f{e€tions of the vertebra, are as the depths, then: 
9.2 =the cervical vertebrae, if we divide the whole 
_ weight, viz. 75 lib. into fums of ratio = 9.2, 


* 'The ratio of the Vertebree means the proportion the folid 
- eontents of the vertebrae bear to each other. 
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7.49, 13.83, will give us the proportional 
weight on any of the vertebra, viz. on the cer- 
vical 9.8 lib. the dorfal 42.4, and the lumbar > 
22.8 lib. as the head preffes only on the cervical, 
this muft be deduéted; at leaft the weight of the 
head muft be added to the cervical in calculation 
of their ftrefs.. Any vertebra that becomes the 
centre of motion, as in gently raifing the head up, 
or declining down, the cervical vertebre are folely 
in ation. Suppofing to afcertain the ftrefs on the 
fixth cervical, the weight above is = 22 lib. the 
Centre of Gravity, adding the weight of the head 
to the atlas, is 12 inch from the fixth; half its 
ameter is 875 <.*..875 +195 <3 22%44, that 
is, this bears the preffure of 44 lib. 

The preffure on the lower lumbar is 475.8 lib. 
It ought to.be obferved, that in folids nearly 
of fimilar fhape, the ftrefs is as the cube, of the 
. diameter, we fhall find that BF the cube of the 
diameter, 3.5/3 : 5 47g.0 5 44 nearly ;” “which 
fhews that the vertebre increafe in their ftrength 
nearly in the ratio of the ftrefs they are to bear*, 
or more correétly in this calculation, the weight 
they are toovercome, as here we have confidered 
the additional weight of the abdominal and tho- 
racic contents. | ; 

* Generaliter fenfim tenuiores ut fuperiores, ad dorfi decimam 
ufque. Poft nonam fequentibus, primzeque cervicis, fenfim 
aliquanti craffiores: poft cervicis primam fequentibus ‘quatuor 
aliquanto, quam ei, tenuiores, parum differentes inter fe. His 


crafliores fextee, his fumme. 
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Another mode of procedure would be requifite — 
if we wifh to afcertain the Centre of Gravity of 
the whole body; in fact, we might regard the 
thorax and abdomen as one folid, connected to 
the Spine, and formed by a half revolution of 
that curve round its axis. -Apprehentfive leit the 
inveftigation hitherto entered into fhould prove 
too tedious, I fhall wave for the prefent any far- 
ther confideration, and immediately proceed to an 
examination of thofe pra€tical dedu@tions that thef¢ 
principles may authorife. . 

_ Ina diftorted Spine, in the colle€&tion of ae 
Abenethy, of Bartholomew’s Hofpital, where five 
inches of height are loft by the incurvation, eight 
of the dorfal vertebre projeét fo as to be remote 
4rom the plane AB, 4 inches; the lumbar at 22, 
and the cervical Yee are concave exteriorly 
inftead of convex, and 4 of an inch from the 
plane: the Centre of Gravity. would be 2.16 
inches from the plane, perpendicular to the hori- 
zon, and 9.17 inches from the bafe, fo that the 
Centre of Gravity here would be two inches nearer 
the loins than in a natural Spine. 

Suppofing there is a collar applied to the back 
that entirely takes off the preflure of the head, 
what particular advantages will there be gained? 
It is furely making the moft ample allowance, if 
‘it is regarded, that by fuch affiltance the head 
Shall be perfeétly abftra€ted from the body, viz. 
45 lib.; then the abdomen and thorax, with their 


contents, 
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satis: will weigh 60 ho: hende the ratio of | 
the vertebra: will fe the cervical 8lib. the dorfal 
34, and the lumbar i8lib. The-preffure on the 
mott remote dorfal vertebra, from the plane, is 
30 lib. ; and the ftrefs on this vertebra is ag 
much greater the ftrefs in its natural form as its 
diftance from the plane is to the fimilar diftance 
in the regular-fhaped Spine, viz. 4in. : 4, as 
8:1, fo that the ftrefs is eight times more than in 
the ufual curvature. By a fimilar mode of pro 
cedure, the Centre of Gravity, in every ftate 
of 1 incurvation, is eafily afcertained, as well as the 
ftrefs on any of’ the vertebre under any peculiar 
fituation. To afcertain what force or power this 
vertebra muft exert (or which is the fame thing, 
the a€tions of the mufcles and ligaments upon it), 
when it becomes the centre of motion, it willbe as 
before, the ratio of half its diameter to the diflance 
_from the Centre of Gravity. : 

It muft then appear evident, that an inftru- 
ment thus applied will barely take off one-third of 
the prefflure a@ing on the Spine. If the diftor- 
tion, as generally happens, fhould be in the lum- 
bar vertebra, the effect of fuch an apparatus 
would be too trivial to afford the moft diilant 
relief, : 

Hitherto I have fuppofed the inftrument, or > 
collar, to entirely take off the fuperincumbent 
prefiure, without fubjecting the patient to any 
inconvenience: when we reflect on the violent 

| preffure 
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preffure that is made on the temples, when that 
interruption is given to the circulation in the tem- 
poral arteries, it'can no longer. be wondered at 
thofe violent head-aches which are induced, ,that 
renders the ufe of them for more than an*hour 
or two infupportable : and furely no good effeat 
can be expe€ted from fuch, where a permanent 
application is fo impraéticable. It would be 
abfurd to expeét, that either from thefe, or the 
fwing chairs fo comparatively momentarily ufed, 
that atendency to a diftortion could be removed, 
or even‘ prevented in its increafe. Hence no 
_ good effeét can poffibly arife by the application 
of inftruments, where only for a fhort time the 
preflure of the head can be removed, and which 
even when accomplifhed is fo inconfiderable a 
part, that the benefit muft be trivial. As in 
general, complaints of this nature are connected 
with a {tate of debility, all powers of reftoration 
are here checked by that motion being deftroyed 
neceflary for an invigorating circulation, The 
head is kept in a fixed pillory-like pofture. Still 
worfe are the confequences attendant on braces, 
a€ting violently on a weakened column, or a 
debilitated Spine, fo powerfully preffing on the 
vertebra, as in many cafes to have induced a 
lumbar abfcefs: indeed this mode of practice is 
not much remote from that of a furgeon, told us 
by Kerkringius, who attempted by violence to 
force back a diftortion of the vertebra, and thus 
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infli@ed excruciating tortures on the fuffering 
female, ignorantly imagining it was a luxation. 
- AsIThave thus prefumed to cenfure the prin=_ 
ciples of thofe inftruments at prefent ufed, I will 
curforily fuggeft the conftruétion of fuch as are 
agreeable to the theory here laid down. 
Suppofing I am applied to ina cafe of diftortioa 
of the lower dorfat vertebra. To merely take off 
the preffure of the head, the relief would be in- 
confiderable ; although the collar is fupported on 
the flays, yet ultimately there is the fame degree 
of preffure on the dorfal vertebre : whatever 
weight may be fupported by the collar, the re~ 
a€tion of the fupporting inftruments is always 
equi L. 4-1n the confiru€tion of an inftrument we 
Should be careful that the fuperincumbent weight 
en the difeafed part. of the Spine fhould be per- 
fettly removed, and that. there fhould be no ac~ 
tion of the inftrument fuperior to the Centre of 
Gravity of the Spine. By fupporting that point 
which has a tendency to defcend towards the 
earth, we fupport the whole. fyftem. From what 
_has been previoufly obferved, the afcertainment 
of this point, in every flate of diftortion, is. no- 
ways difficult; and for want of this attention is 
entirely owing the improper inftruments that are 
at prefent adopted... This may forcibly be illu 
trated by analogy. If a garden wall fhould be in 
fuch a flate as to require fupport, fhould we not 
be regulated in our application of fuch fupport by 
the 


So ao 
the pofitio of the weakened part. If the wall 
bulges fuperictly, in the middle, -or towards the 
foundation, we fhould not, in all thefe circum- 
ftances, make ufe of the fame fupport. The ex-_ 
perienced architeét will immediately afcertain that 
point where there is the -greateft {trefs, and apply 
his fupport accordingly. Thus we ought to a 
with regard to the Spine, and not in every cafe of 
diftortion-ufe one and the fame inftrument. 

I hope I fhall hereafter have an opportunity of 
giving reprefentations of the different inftraments — 
that I may experience the moft beneficial; I am 

fully aware what difficulties there are to encounter 

in attempting to reconcile pra€tice to theory; yet 
hope I fhall never be fo much warped by the 
latter as to prevent me adopting every improve- 
ment that may occur to mein the former. 

After this lithe attempt of an examination of 
the aid that can be afforded by mechanical con- 
trivanees, it may not be improper to make a 
few obfervations on the different caufes that may 
induce difeafe of the vertebre, and which muft 

~neceffarily influence our pra€tice, 

The vertebre frequently become difeafed by 
ulcerations originating within themfelves, or in 
the neighbouring parts, or in confequence of any 
‘permanent preffure from the coagula of an ancu« 
rifm, or from the influence of -external violence, 
As in general a patient experiences at firft a con- 
fiderable rigidity fome months before, any ap- 

parent 
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“parent alteration of the Spine, we ought then to 
be a@ive in diminifhing every internal inflamma~ 
tion, and in taking off the fuperincumbent 
prefflure. Thus we may probably prevent any 
ulceration, or the formation of any lumbat iota 
as well as any increafe of incurvation, 

As in general a diftortion of the Spine is 
flow and gradual in its progrefs, and the incur- 
vation lateral, more frequently eccurring to 
children under ten years of age, that feems to 
arife from an imperfeé offification: as we know 
that the bafis of bones is formed by the union of 
the phofphoric acid with animal calcareous earth, 
hence it has been conjectured by fome that there 
might be a deficiency of calcareous mattér, as it 
is obferved in fuch conftitutions that there is a 
confiderable more earthy depofit in the urine, 
and this in proportion to the deftru@ion of the 
folids. | 

‘It has farther been fuppofed, that fuch could 
only arife from a defeé& of phofphoric acid, and 
confequently its exhibition might prove beneficial 
the fame as has been thought by fome to be the 
caufe of the formation of the human calculi, which 
are found more foluble in phofphoric acid than 
in any other, 


® Vide Abenethy’s Effay, replete with accurate and judicious 
_ ebfervations, 
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In the Memoirs of the National Society of” 
Medicine at Paris, Monf. Bonhomme has pro- 
pofed another theory, replete with great inge- 
nuity: the experiments, as well as obfervations, 
upon which the author grounds his inferences, 
prefent to view matters of faé, fufficiently re~ 
markable to afford a prefumption that new ex- 
periments will confirm their truth. He fuppofes 
that the nature of the rachitic diforder arifes, on 
the one hand, from the developement of an acid 
approaching in its properties to the vegetable, 
particularly the oxalic; and on the other, from— 
the defeét of phofphoric acid. — 

He endeavours to prove, that the calcareous 
phofphate 1s wanting in the bones of thofe who- 
are difordered with rachitis, and that the deve- 
lopement of the oxalic acid is the caufe of this 
alteration. 

In this refpeét he is affifted by an analyfis made 
by Hallé, and which is inferted in the feventeenth 
volume of the Annales de Chemie. 

» Upon thele principles he endeavours to demon= 
{irate the utility that arifes from the topical appli-+ 
eation of alkaline lotions, and the internal ufe of 
calcareous phofphate, whether alone or combined 
with the phofphate of foda: fuch he fays. will 
powerfully contribute to reftore the natural pro- 
portions in the fubftance of the bones, and ac- 
celerate the cure of rachitis. 

qi. 
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It ought to be obferved, the author modefily 

prefents his ideas in this refpett, merely as con- 
jeCtures approaching to the truth. , 

He feems to have no other proof of the exift-_ 
ence of this oxalic acid than from there appear- 
ing in fuch children a.want of bile, which corrects 
the difpofition to acefcence, and for want of 
which they are neceflarily developed, difturb the 
circulation, and attack and foften the bones. 

When, however, it does appear that a diftor- 
tion originates from an imperfect offification; 
_when, from want of its earthy fupport, the Spine, 
unable to bear the fuperincumbent preflure, bends 
from its ufual courfe, and becomes unnaturally 
incurvated, then every mode of treatment that 
can reftore tone to the fyftem, that can invigorate 
the finking frame, or ftrengthen the debilitated 
foundation, fhould be adopted: even if it be 
granted that fuch is occafioned by the union of 
the caleareous animal matter, and phofphoric acid, 
being deftroyed, it appears to me difficult to 
conceive how the exhibition of either the one or | 
the other can tend to its reftoration. ‘The ope- 
rations of vital parts are not reducible to chemical 
Jaws; their fun€tions are not explicable on the 
‘do&trine of gafes, nor are their principles to be 

determined by the retort or the crucible. Che- 
miftry, as a fcience, is great and valuable; by it 
the fimple operations of matter may be developed, 
and their various {tates of combinations unfolded. 
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When by fuch, the laws of that principle, which 


come not under the definition of matter, are at- 
tempted to be explained, then the fallibility of 
this fcience is evinced. I am apprehenfive that 
fuch endeavours may ultimately involve this noble 
branch of philofophy into difgrace, and again re= 
turn us to the Paracelfian period, when it’ was 
imagined by this eccentric experimentalift that 

religion was a combination of falt and fulphur. 
Thus it is I have but little hopes that the exhi- 
bition of phofphoric acid could any way tend to 
remove the defe& of it in the conftitution. I 
fhould prefer roufing the languid fyftem into a 
fate of healthy action by the moft generous 
liquids and nutritious folids;.to give that ftimulus 
to the powers of life, that the fecretions may be 
healthy and vigorous: then, and not till then, the 
arterial ramification will depofit the proper offific 
matter. In general it is obferved, that fuch in- 
curvations are peculiar to children, where there Is 
reafon to fuppofe fuch an enlargement of the me- 
fentric glands as to prevent the chyle entering the 
thoracic du€i: thus there is a greater quantity of 
folids removed than what is fupplied. The bones 
forming cavities, containing the vifcera, not having 
their lofs renewed, undergo great changes: the 
ribs, inftead of forming an arch, gradually bend 
inwards, inftead of being curved, are flattened 
laterally, and confequently more prominent an- 
teriorly. In fuch a cafe all our efforts would be 
, in 
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in vain till thefe obfru@ions are removed ¢ 
gentle mercurial dofes, fea-bathing, animal food 
and wine, frequently will produce the mott happy 
effedts. ; 

When, however, there. does not appear fuch a 
caufe, it probably may arife from thofe veffels that 
_ ufually depofit this offic matter not being ina 
proper ftate of dilatation. This is obfervable in 
the offific progrefs that takes place in the union of 
frattured bones; an\ inflammation is then ne- 
ceflarily induced proper for the vafcular dilata- 
tion. When thofe veffels that are unaccuftomed 
to the tran{fmiffion of red blood, when from any 
particular caufe the red globules are impelled 
therein, and ftimulate them to that a€tion called 
inflammation, not only is there found an increafe 
of offific fubftance on the outfide of the bone, if 
long continued, the cancellated interftices fo reo 
plete as to render the bone as folid as ivory. 

Thefe obfervations I have prefumed to fubmit 
tothe public, with a view of preventing thofe in- 
juries that fo generally enfue from ill-contrived 
braces, and other formed inftruments, applied by 
thofe who can have no knowledge of the laws of 
_ the animal ceconomy. Incafes where fuch an ac- 
quifition is requifite, where the theory of mecha- 
nics fhould be combined with fome phyfiological 
information, where the benefit of exterior fupport 
fhould be united with proper interior treatment, » 
that while affiftance is derived from the former, 

| the 
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the conftitution fhould be ftrengthened by the 
latter: in fuch an important branch, where more 
than common attention is requifite, it is a pro- 
feffional opprobrium that fuch fhould be relin-+ 
guifhed to ftay-makers, or menial mechanics, 
whofe knowledge it cannot be expected can be 
much more than the fewing of dimity, or the 
{craping of whalebone. In my opinion applica- 
tions to perfons of this defcription, in cafes of this 
- mature, are equally abfurd as a man to requelt 
any of the royal phy ficians to make him a pair of 
breeches, | aes 
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ON THE MOTIVE POWERS OF 
ANIMALS. 


Lex perpetua nature eft, ut agat minimo labore, mediis & 
modis fimplicifimis, facillimis, certis & tutis, evitando 
quam maxime fieri poteft, incommoditates & prolixitates, 


Ir is not here prefumed, upon the principles of 
mechanics, to afcertain the velocity of any ani- 
mal, for in fuch, powers are concerned that come 
not within the fcope of calculation. All that is 
here attempted is to afcertain the maximum of 
extent that any animal, by any fingle exertion, 
gan cover. 

It is here fuppofed, that the motion of an 
animal is regulated by the different angles the 
joints are capable of performing, but the repe- 
tition of fuch motions which conftitute.the velocity 
is fo dependant on the powers of the mufcles, and 
confequently vital energy, as not to be reducible 
to any number, 
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To the afcertainment of this, Borellus feems not 
to have devoted his fuperior abilities, although he 
has given us five propofitions De Inceffu Qua- 
drupedum, and twelve De Saltu: his enquiries 
went no further than to calculate the powers of 
muf{cles in every different pofition. 

Neither in the works of the Duke of Newcaftle, 
Bellinger, or Bourgelat, although profeffedly writ- | 
ten on horfes, has any attention been paid to 
this. Inan Effay by Monfieur St. Bel (on the 
motive powers of Eclipfe), late profeflor of the 
Veterinary College, there feems a fomething like 
a confufed attempt. Confufed, I fay, becaufe I 
verily think the compofer of fuch a work could 
never have wifhed its being perufed by any one 
the leaft converfant with the principles of me- 
chanics. | 

In the firft place, Monfieur St. Bel has en- 
deavoured to prove that the flexions and exten- 
fions of the joints of the fore parts are precifely 
equal to thofe behind, viz. the fum of the mo- 
tions of the anterior articulations equal to 360°, 
and fo of the pofterior. Then he fays, “ by 
‘© examining the length and dire@tion of his legs, 
*‘ and the greatnefs and opennefs of the angles, 
' & formed by the alternate difpofition of the bones 
« which compofe hisextremities, pronounce with | 
«« the greateft probability that Eclipfe, free of all 
« weight, could cover an extent, of twenty-five 
« feet; that he could repeat this afion ¢ : times” 
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* in each fecond, and confeqtiently could rut 
© four miles in the fpace of fix minutes and two 
“ feconds.’ | 

Where are the data from whence ‘thefe in- 
ferences are made? I fee no grounds for fuch 
deduétions; no other foundation, than that the 
author has heard Eclipfe could cover fach an ex- 
tent of ground, and that he could run four miles 
in fix minutes two feconds: hence it was very eafy 
to afcertain the number of exertions in any pars 
ticular time, as it was only dividing the fpace ran 
through by the extent covered at once. 

For what purpofe the difplay of accuracy 
of admeafurement, and the envelopement of 
Eclipfe in circles, I know not, unlefs the in- 
génious writer thought of eftablifhing his fame by 
a pompous attempt under the appearance of 
geometry 
Parts of this Effay merit fome attention, as far 
‘as regard the proportions of Echipfe; and would 
have been more valuable, had the angles of 
extenfion and flexion been diftinguifhed. I am 
apprehenfive that in this point there has not been 
a perfeét degree of accuracy, that it has been 


fancied pleafing, that the fums of the various cir- 


g 
cular portions the joints defcribe fhould ante- 
riorly, as well as pofteriorly, form complete revo- 
lutions, and as fuch imprefs a curfory obferver 
with an idea of extenfive beauty in their forma- 
tion: with fuch a view a little truth appears to me | 
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to have been facrificed; in this opinion I feel 
myfelf fomewhat more confirmed from the ad- 
meafurements I have taken of Eclipfe, by the 
permiffion of the gentleman in whofe poffeffion 
he is. It might at firft appear, that an equality — 
exifting between the motive powers of the joints 
of the anterior and pofterior parts was abfolutely _ 
requifite; fo with propriety it might be thought, 
had there been a confonance in the lengths of the 
_ different limbs, and of the angles in which they 
naturally are: as thefe vary confiderably, they 
never could have ultimately coincided, unlefs 
there was a correfponding variation in their 
angles; this will be evidenced by the following 
table: 


ECLIPSE. 
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ECLIPSE, 


= 


: Length Length 
| in Inches. in Inches. 
FORE PARTS. HIND PARTS. : 
apula meafured from Spine of the Ileurm to 
s Spine, without the - the Acetabulum - 10. 
vartilage - - - VA. | 
. : Femute 4 => 144 
umerus ~- =- - 114 
= ee . Patella -~ - - - 3h 
ibitus, or Fore Arm 15 coe 
| Tibia = - es 15 
irpal Bones, 6 in 
: ae Hock, or Calcaneum { 5E 
umber, being 3 in a ; | 
ow - - - = 2 Five tarfal Bones . - | iL 
anon - = - = 10 Caron - - + + = 12 
uftern and Coronet - 6 Paftern - - - > $ 
Inches 585 aa 
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The Spine of the Scapula from the fore feet 
meafurts 54 inches, fo that58}— 54 = 4% inches 
loft by the curvature of the fore legs: from the 
acetabulum to the hind feet is 53 inches, fo that 
nine inches are loft by ‘the’ curvature of the hind 
legs. 

In the firft place, I fhall examine what extent 
‘of ground an animal formed like Eclipfe could 
cover with refpeét to his fore legs, fuppofing for 
the prefent that his hind legs had no flexible 
powers, were {tiff fupporting-like columns. ] 
afterwards fhall attempt to invelligate what powers 
are derived fronr the formation of the pofterior 
parts, regarding the fore legs as inflexible pillars. 
By this method of proceeding, I flatter myfelf, 
by feparately afcertaining their powers, the effeét 
which would arife from their united efforts may 
eafily be determined. 

The {capula in quadrupeds poffeffes a dee of 
_ motion round its centre much greater than in the 
2 human {pecies, or thofe animals who ufetheir fore 
feet like hands, and confequently have a clavicle, 
which horfes, dogs, &c. have not. 

Thus itis, that the mufcles appertaining to the 
{capula have different attachments in thefe dif- 
ferent animals; as in the human {pecies the tra 
pezius arifes from the occipital bone backwards, 
while in harfes it originates from all the Agamentum 
colli which is below the rife of the levator humeri 
proprius: in quadrupeds there are two elevatory 
mufcles 


> ae 
mufcles of the fcapula, levator major and levator 
minor. : . 

Thus unreftrained by aclavicle, the feapula has 
a motion round its centre, in its greateft extent, 
of 20 degrees, and is inclined toa plane perpen- 
dicular to the horizon in an angle of g0 degrees: 
when the leg is extended, the angle will be 50° 
with the plane. | 

The angle the humerus forms with the fcapula 
towards the body is 120 degrees, and is capable 
of being extended 50°; hence will only form an 
angle of deviation of 10° from the continuation of 
the fcapula. : i : 

The cubitus forms an angle exteriorly, or from 
the body, of 130° with the humerus; and in its 
extenfion can be brought 40° nearer, fo as to form 
a right angle with that joint. The canon is 
nearly ina ftraight line with the cubitus, and bends 
inwards, fo as to make a regular curvature, in gal. 
lopping, with the cubitus. 

The paftern, coronet, and foot, form an angle 
of 45° with a plane perpendicular to the horizon, 
when in motion are in the fame curvature with the 
canon. | : | 
_ A little confideration of thefe circumftances 
will point out many beauties in the admirable 
firu€iure of the fore limbs. We find that al- 
teration takes place in their dire&tion, fo as to 
poffefs flrength when {irength is required, and 
freedom of motion when velocity sis neceflary. 

In 
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¥n the ina@tive ftate of the horfe the limbs have 
no other weight to bear than the mere gravity of 
the fuperincumbent matter. When the momen- 
tum is increafed by the rapidity of their mo- 
tion, when they bound forwards with amazing 
fpeed, and ftrike the earth with a proportionate 
degree of force, how admirably arranged are 


all the joints to fupport the combined effe&ts 


of aétion:and re-aétion. The inftant before 
the ground is preffed by the foot, the cubitus 
relaxes of its elevatory ftate, and falls within the 
line of curvature of the fcapula and humerus, 
The canon and paftern all unite, fo as to make 
from the centre of motion of the {capula a conti. 
nued kind of bony arch, except the deviation of the 


pattern, which forms at the moment of preffure an 
-angle of 45°, nearly parallel with the fcapula, and 


confequently the beft calculated for bearing the 
preffure of the body when the whole weight is | 
thus thrown forwards. When this angle is greater, 
the ftrefs muft be greater alfo, and confequently 
an imperfection of debility in the horfe. 

As then it appears that the horfe ftrikes the 
ground with its fore feet in the continued degree’ 
of curvature of the fcapula and humerus, the 
angle formed with the plane perpendicutar to 
the horizon, will neceflarily be the fine of the 
extent of ground, in this point of confideration, the 
animal will cover: as the vertical angle is 50°, 
the cathetus 54 inches, the bafe will be 67 inches, 

and 
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and which is the ground the horfe would cover, 

-fuppofing the pofterior columns or legs have no 
_ powers of flexions; fimilar to a man being thrown 
forwards, the ground he would compafs would be 
regulated by the extenfion of the arms. 


» 


ON THE MOTIVE POWERS OF -THE 
HIND LEGS. 


It has already been obferved, that the hind legs 
in no refpeét correfpond to the fore; every ar- 
ticulation is not only different in length, alfo 
differently inclined to each other: if there was 
that coincidence: Monfieur St. Bel has afferted, 
there would be greatirregularity of motion. In 
the firft place, the ilium is inclined to the perpen- 
dicular to the horizon, in an angle of 50°, while 
the fcapula only inclines 30°, The femur forms 
an angle towards the body with the ilium of 120°. 
The tibia forms pofteriorly, or from the body, an 
angle of 120 with the femur. The calcaneum, 
or hock, an angle of 40° with the femur, and 
confequently the canon, an angle of 140° towards | 
the body, with the tibia and the paftern, and 50 
degrees from a line perpendicular to the horizon. 

It is faid that Eclipfe’s hind legs were fome- 
times more forward than the anterior limbs: this 
appears improbable, that the hind feet fhould 
ever advance beyond the line of dire€tion, which 

is 
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is fituated 27 inches from the pofterior linibs, 
being the line as paffes through the Centre of 
Gravity of the animal to the centre of the earth. 
It will eafily be feen what will be the fitua- 
tion of the limb the inftant before the motion 
of the body: the curve defcribed by the hind 


legs will neceffarily be reverfe to that delineated 


by the fore; it will in the former cafe be concave 


towards the horfe, while in the latter it is convex. 
The meafure of this curve will be from that point 
of the earth where the line of dire@ion falls, to 
where the curve terminates by the extenfion of 
the legs behind. The femur can bend forwards 
towards the body 30 degrees, and pofteriorly 20°. 
The tibia can bend backwards 60 or 70 degrees ; 


its anterior motion 1s not more than 20°, in confe=° 


quence of being reftrained by the patella. The 
canon will admit of 40° flexion forwards, in fome 
refpects is checked by the tarfal bones, and 
pofteriorly will only allow of 30° motion, in con- 
fequence of the calcaneum. 

From the above ftatement it muft be evident 
that the pofterior articulations can never fall in 
the fame uniform curve as the anterior; on this 
account they are neceffarily made much ftronger: 
the extenfor mufcles which aét upon the calcaneum 
are removed farther from the centre of motion, 
and confequently a€t with increafed power. The 
horfe, previous to his progreflive exertion, brings 
his tibia forwards 20°, and the canon 40 degrees; 

: thefe 
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thefe actions will bring the foot to the point of di- 
reGtion, which falls in the middle between the cen- 
tre of motion of the fcapula and the acetabulum; 
thefe being from each other 43 inches, fo that the 
line of dire€tion is 21% inches from each. The 
angle that will be formed by the centre of motion 
of the acetabulum, with the point of dire€tion, and 
a lyne perpendicular to the horizon, and pafling 
through the acetabulum, will be 33 degrees. 
From the acetabulum to the ground being 54. 
inches, in this flexion the horfe muft fink con- 
fiderably, as the canon is much more bent than 
what the tibia is ftraightened, fo the perpendicular 
height is confiderably lefs; this is eafily afcer- 
tained, and by the additional bending of the 
paitern, fo that the diftance between the aceta- 
bulum, and the point of the ground cut by the 
line of direétion, is not more than 50 inches. 
This is the meafure of the hypothenufe, and 214 
being that of the bafe, then sol’ — 212) = to 
the fquare of the perpendicular, 46 inches nearly, 
fo that the inftant previous to the bound forwards, 

the horfe finks down eight inches. 
- In the utmoft ftate of extenfion pofteriorly the 
humerus will decline from the perpendicular line 
10°. The tibia, forming aright angle with the 
humerus, will neceffarily be 80° from the per- 
pendicular plane; the canon 20° pofteriorly, {fo 
that the calcaneum will only form an angle of 20° 
el the tibia, and confequently an angle with 
G the 
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the plane of 60°, and the paftern, in the fame line 
with the calcaneum; this will be the meafure of 
the angle of extenfion, which, added to the angle 
formed by the acetabulum to the point the line 
of direétion cuts, will make, with this line, nearly 
aright angle: hence then / 5q\* + 48) will be 
equal to the extent defcribed by the hind feet, 
equal to 68 inches nearly; as in the extenfion 
backwards the diftance from the acetabulum ta 
the extremity of the paftern is 48 inches, which is 
eafily afcertained, as the lengths of the articula- 
tions are known, and the refpedtive angles of 
flexions given. | 

It might perhaps be here objeéted, that the 
arch defcribed by the hind legs is a very inade- 
quate meafure of the progreffive advance of the 
horfe, in confequence offuch a motion. Surely 
it will be granted, that if the limbs poffeffed no 
flexible articulations, that an animal would be 
very limited in its tranflatory powers, therefore 
in a great meafure muft be regulated by thefe; 
the mufcles can by their aétion overcome the 
weight by powerful contractions, can with great 
force extend the limbs, and with great velocity, 
for a certain time, repeat their motions. 

In the fore limbs it was obferved, that the 
paftern was parallel to the {capula; foin the hind 
legs, when brought under the horfe’s body, the 
paitern is parallel to the femur. If there had not | 
been this obliquity in the pafterns, the animal 

an. 3 would 
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would be in continual danger of falling; in the 
firft motion, when the feet are brought under the 
body, they are little more oblique; the line of 
direction falls within the bafe of the legs: as the 
animal rifes, the Centre of Gravity changes, the 
obliquity of the paftern diminifhes, yet the ground 
is prefled by the whole foot: if there had been no 
obliquity, the horfe, inftead of being fupported 
on all the bafe of the foot, would occafionally be 
thrown on the edge, and horfes thus formed are 
continually tripping. | 

In the inveftigation of the motive powers of the 
fore limbs it was deduced, that Eclipfe, without 
any affiftance from his pofterior legs, could cover 
an extent of ground equal to 67 inches;. and the 
hind legs, independent of the fore, nearly 68 
inches: it appears why an animal thus formed 
fhould have an equalized motion froma coin- 
cidence in the moving powers, and which 
could never have been the refult of fimilar 
extenfion in the fore and hind parts, when 
previous to the aétion there is fo great a dif- 
ference. Had the hind legs poffeffed ftill more 
powers, the aétion of the fore legs could never 
have exaftly correfponded, and the motion of 
the animal would be only a fucceflion of jumps, 
and not a regular equalized change of place. 

The increafe of motion, in confequence of thefe 
being united, will be their produéts; fuppofing 
there were only one articulation in the fore limbs, 
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the hind legs would have had an advantage equi-- 
valent to the power of the anterior joint; fup.. 
pofing a reprefents the power of one of the an«. 
terior joints, b the fecond, d the third, e the. 
fourth, &c. and let #.be the whole power of the 
hind limb, then 2G. a PRD pxd 
tr pxe > pxatb+d+ » as p is the 
- power of the hind leg, and a + = ad tog the 
{um of the powers of the fore parts: hence the 
one multiplied by the other will give 94 fect; 
the meafure from that point where the hind feet 
were placed to where the fore feet fall, as the 
line of dire€tion is 27 inches from the fore limbs, 
and which being deduéed from 91 feet, will 
leave 28 feet g inches for the maximum of ex- 
tent of ground an animal formed like Eclipfe 
could cover. | 


Thofe who have Br a the motion of this 
celebrated beaft, have well affured us, they have 
meafured an extent of 25 feet he has aftually 
covered. If fo, it isnot to be fuppofed, at that 
very inftant, his greateft powers were — ex- 
erted; fo that the above deduced from calcula. 
,lion evinces a near coincidence of pragtice with 
th :COry. 

It has been fuppofed by fome, that the gal. 
ee of a horfe is nothing more but a feries of 
fucceflive leaps, and as fuch folely dependant 
on mufcular exertion, as the leap of a biped, and 
therefore no ways regulated by the articulations, 

A. little 
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 Alittle enquiry will fuffice to fhew, that in the 
exertion aman makes in elevating himfelf above 
the ground, that the joints are principally con- 
cerned, in vain would a man attempt a leap 
without previoufly having his joints in a ftate of 
flexion—* Saltus non fit, nifi prius articuli pedum 
infle@antur.’’ This we may illuftrate after Bo- 
rellus, by the experiment of a bow; if in the 
bending of it, one end refting on the ground, and 
the other preffed vertically by the hand, till it has 
acquired a confiderable curvature; if the hand 
is fiddenly removed, not only the bow refumes 
its former ftate, alfo leaps up in the air: fup- 
pofing the bow 5 feet long, and uniform in thick- 
nefs, the Centre of Gravity is neceflarily the 
centre of the bow, viz. 21 feet from the ground; 
when preffled down, the Centre of Gravity is 
forced downwards to bea foot nearer the ground; 
the re-action of the earth, when the preffure is 
removed, will caufe it proportionally to afcend. 

Thus ina manthe Centre of Gravity is in the 
loins; in taking a leap, the thigh and legs are fo 
bent, that the Centre of Gravity becomes nearer 
the ground by the length of the thighs; the limbs 
being fuddenly extended, by the re-aétion of the 
pavement, the Centre of Gravity is caufed to 
afcend, and thus conftitute a leap. _ 

The leap is therefore in proportion to the length 
of the limbs, and the velocity to the fpaces they, 
move through in the fame time. Thus alfoa leap 
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is increafed by previous running, thefe a€tions 
unite in their effects. The impetus that is ac- 
quired is no way counteraéted by the neceffary 
declination for leaping: hence co-operating, the 
refult is greater. As men alfo can afcend up a 
declivity by running, when it would be inacceffi- 
ble by attempting to mount flow. 

Thus ceteris paribus, the leaps of men are in 
the ratio of the lengths of their limbs. With 
refpe& to bulk, fmaller animals can leap the far- 


theft; a horfe can rarely rife above 8 feet per- 


pendicular height, and a fmall dog not => in 


bulk, will clear a gate of 4 feet: as Galilzo ob- 
ferves, “ Quod in corporibus animalium propor- 
“ tionaliter decrefcentium minuitur pondus in 
‘« majori proportione, nempé duplicata refiftentiz 
« & roboris eorum: & ideo offa majorum ani- 
‘¢ malium crafliora fieri debebant, ut fuo robore 
‘© incrementum ponderis fuftentare valerent. Et 
‘ hine fit, ut animalia vafta, que corpus valdi 
‘© ponderofum habent, minus vivacia, & minus 
** agilia fint, quam exigua animalia.”’ 

De Motu Locali. 


Thofe who with to be informed of the amazing 
‘power of the mufcles in a leap, may confult Bo- 
rellus; where he has demonftrated, that the power 
of all the mufcles united ina man weighing 15o0lb. 
equal to 435,000lb. or in the ratio to the weight 


ofthe man, as 2900: 1. 
The 
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The leaps of frogs, grafshoppers, crickets, fleas, 
&c. depend entirely on what has already been 
abferyed, viz. the greater length of their hind 
legs with refpe& to their fore, and a fimilar in- 
veltigation will eafily afcertain the extent of their 
leaps. : 

Some infeés, as the cheefe maggot, have great 
power of leaping, without any apparent arti- 
culations; when more accurately obferved, the 
reafon is evident; the infect when difpofed to 
leap joins its head and tail together, contraéts 
its body in a {mall compafs, and by a fudden 
extenfion raifes itfelf up to a _confiderable 
height, fome will elevate themfelves 15 or 16 
inches; while in this procefs, when obferved 
‘through the microfcope, they feem to have a 
power of fecuring their tail with their mouth, 
while the body is contraéted. When they are 
difpofed to move horizontally, they Jay their 
bodies flat on the table; when perpendicularly, 
the body is elevated for the purpofe. 


ON THE MOTIVE POWERS OF 
THE ELEPHANT. 


When we obferve an elephant move, it is not 

a contemporaneous motion of all the limbs, but 
fucceflive moyements of different parts—not by 
irregular 
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irregular farts, non vacillans & ruinofa, fed ie 3 
& ftabilis. When inative, he ftands firm on his 
four legs, which fupport him like pillars, form- — 
tng a quadrilateral figure, the line of direGtion — 
falling nearly within its centre; when he begins 
to move, it is with his hind leg firft; if his left 
hind leg, his body is impelled forwards, fo that 
the Centre of Gravity makes a proportional ad- 
vance; as foon as this is effe@ed, the left fore 
foot is raifed, and eafily brought forwards : then 
the right hind leg fill further impels the animal 
and afterwards the right fore leg. 

It mutt appear evident, that the elephant, 
as well as all quadrupeds, in walking, the body 
muft be fupported by more than two columns; yet 
we often fee reprefented in flatues and paintings 
a walking horfe, with two diametric oppofite feet 
elevated, 

In this cafe the motive powers of the animal 
will only be the fum of the extent that can be 
covered by the fore and hind legs of both fides; 
their motions not being fimultaneous, the pro- 
greflive powers of each are independent; thus un- . 
influenced, the velocity will.only be the refult of 
thefe added. By the kind affiftance of my friend, 
Mr. John Parkinfon, I had an opportunity in 
his valuable mufeum (the Leverian) of taking 
the admeafurements of different animals; the ele- 
phant in his poffeffion meafures 99 inches from 
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the withers, and 94 from the fhoulder to the foot, 
and from the centre of motion of the fcapula and 
femur to the ground, 84 inches. Thefe animals 
have very little powers of flexion in their knees, 
fo that each limb may be regarded as a lever, 
defcribing a fpace proportionate to its diftance 
from the centre of motion. | 

Fach limb appears not to poffefs more mo- 
tion than 30 degrees; no animal, not even 
man, defcribes more in walking than half the 
radius, confequently the progreffion will ‘be 42 
inches* x 4 <= 168 ='14 feet, the extent of 
ground the elephant will pals over after one mo- 
tion of all his feet, being nearly twice its length : 
if thefe motions are repeated quick, they would 
be nearly equal to the gentle gallop of a horle: 
if they move their limbs but once in a fecond, 
will be 9 miles in an hour. 


HIPPOPOTAMUS. 


This animal can only walk, as its ON are 
nearly inflexible; its motion is flow, from the — 


limbs being fo fhort in proportion to its fize. 
In height, is 54 inches; from the centre of mo- 


% As the radius or diftance from the centre of motion to the 
ground is 84 inches; and always equal to fixty degrees, confe- 
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quently “os 42 will be equal to thirty degrees, or half radius, 
H tion 
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tion’of the fcapula to the fore feet, 92 inches; 
breadth of the foot, 6 inches; from the aceta- 
bulum to the hind foot, 32 inches. If the angle 
~of extenfion be 30°, or half radius, the fpace paf- 
fed through by the motion of one foot! will be. 
16 inches; which multiplied by 4 = 64 inches, 
not much more than the length of the animal, 
fuppofing the a@tions of the mufcles of this and 
the elephant equal, the latter would go through 
nearly three times more fpace than. the former, | 
about g miles and a half in an hour, while the 
elephant, by the fame number of motions, would _ 
pafs through the {pace of nine miles, 


GREENLAND BEAR. 


From the centre of motion of the fcapula to 
the foot, is 24 inches; in height, 35 inches: hence, 
as above, in walking 12 x 4 = 48 = 4 feet: the 
whole being moved once in a fecond, the animal 
would walk 2.7 miles in an hour. 


oh, 

After the majeftic walk of the elephant, and 
the flow ambul latory ftep of the hippopotamus and 
~ Greenland bear, the motion of the elk, the fwifteft _ 
of animals, will come under examination: from his 
ihoulder to his foot, the elk meafures 63 inches, 

and | 
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and to his knee 40; the withers to the ground, 
68 inches; from the acetabulum to the hind feet, 
63 inches, and the calcaneum forms an angle of 
So degrees: from thefe admeafurements,.proceed- 
ing the fame as with the horfe, the extent of 
ground this animal can cover in one bound will 
be 34 feet, nearly, if repeated as often as Ecliple, 
about 55 miles in an hour. 7 


THE POWER OF BIRDS IN FLYING. 


Birds, from the nature of their ftru@ure, are 
fpecifically lighter than man or quadrupeds, and 
fix hundred times heavier than the fluid in which 
they float; the wonderful powers they have of 
afcending and defcending in a medium fo com- 
paratively rare, fome enquiries into the caufe 
may not prove uninterefting. _ 

The Centre of Gravity of a bird is fituated a 
little beyond the wings, and a {mall degree lower 
than the point of fufpenfion, viz. that point which 
is the centre of a line paffing through the attach- 
ments of the wings: if this were not fo, the body 
would not be kept more in the pofition of the feet 
downwards, than the feet upwards: “ Conceden- 
dum eft, quod centrum gravitatis exiftit in ali- 
quo punéto perpendicularis ad horizontum pofito 
infra punétum fafpenfionis;” the fame as is well 
known to be a requifite in an accurate pair of 
pales, if the centres of motion and gravity coin- 

H 2 cided, 


Case 


cided, the beam wauld remain in any given pofi- 


tion, inclined as well as horizontal, becaufe the | 


centre of gravity being then the centre of motion, 
any change of dire€tion of the body could never 
induce any change in the centre of gravity: hence 
in birds itis neceffary it fhould be placed alittle be- 
low the centre of motion, that. the feet may always 
preferve the downward pofition; yet not much 


lower, for power would be loft in proportion to- 


theirdiftances. It muft neceflarily be allowed, that 


their wings are placed in the very beft part, to ba- 


Jance their body, and to give a {wift progreilion; 


when they {trike downwards, they expand their 


wings to the greateft breadth by the a€tion of their 
Jarge and extenfive pe&oral mulfcles. “ Peétorales 


* mufculi hominis fleétentes humeros, parvi & 


& parum, carnof funt, non equant 50am aut 7oam 
‘ partem omnium mufculorum hominis. E con- 
© tra in avibus, peétorales mufculi vaftiffimi funt, 
& quant, imo excedunt, & magis pendent, 
quam reliqui omnes mufculi ejufdem avis 


fimul fumpti.’? — Borell, 


ge 


ec 


~ & 
Rr 


When the ftroke is over, the bird does not 
return his wings in the fame expanded ftate; if fo, 
the action and re-a@ion would deftroy each other; 


they are contratted, and fo inclined, that their | 
edges only are expofed to the aérial refiftance, 
and which muft be comparatively fmall. If the 


bird be difpofed to turn his courfe to the left, he 


{trikes — 


& ‘< 
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firikes the air with a proportionate greater force 
with the right wing; when he wants to rife, his 
tail is raifed upwards, in order to diminifh the re- 
fiftance, and to fall, it is depreffed. Willoughby, 
Ray, and many other phyfiologifts, imagined, that 
the tail was a kind of rudder, to fteer and turn 
the body in the air. Borellus, however, fuppofes, 
that it is more to affift in afcents and defcents, and 
to obviate the vafcillations of the body*. ‘Non 
negabo tamen, quod cauda in avibus rever} 
** ufum & facultatem temonis exerceat, fed dico 
*© quod inferviat ad fle@endum curfum volantes 
*§ furfum & deorfum.” 

In this calculation we will take the largeft of 
the hawk kind, viz. the Cuntur of Peru, erro- 
neoufly called by the Spaniards Condor, fuppofed 
to be the Roc of the Arabian Nights. The fine 
one in the Leverian Mufeum meafures 15 feet 
from end to end of the wings, in weight about 
60 pounds. It has been obferved by Emerfon 
and others, that birds of this clafs will fly more 
than one thoufand feet in a minute of time, about 
17 feet in a fecond of time. It mut evidently 


* Tnfects that have not the advantage of a tail, and are bi- 
pennated, have poifes joined to the body under the hinder part 
pf their wings—fuch as have four wings, or wings with elytra, 
have none, fuch as fcarabs and ftaphilini of all forts, 

The that has a very fhort tail, its head and long neck 
would overbalance the hinder part of the body ;—their long legs 
are extended in flight to counterpoife the whole. 


appear, 
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appear, that the portion of air each wing atts 
againft will be a fegment of {phere, whofe radius 
is the length of the wing: each wing moves in 
general through one-fourth of a circle; if the 
body of the animal is 17 foot in diameter, then 
the extent of each wing will be aoe = 0.75, 
feet ; as both pafs through the fame fpace, the | 
aérial mafs they aét againft muft be equal to 
half a fphere, whofe radius is 6.75 feet. Ifa= 
13.5, the diameter of the {phere e5A =, the 
‘area of a circle whofe diameter is unit, then we 
BP ORR = 


fhall have eS Se she tam of folid 


cantents of thefe two fegments. As the folidity 
of a fphere is well known to be equal to the 
furface multiplied into one-third of the radius, 
‘and the furface four times the area of a great 
circle, the whole being divided, will be half the 
{phere = to the folid contents of the two feg- 
ments, equal to 644 cubic feet; a cubic foot of 
air weighs near 12 ounces; fo that 644 feet will 
weigh 483 lb. It is already obferved, that the 
bird moves about 17 feet in a fecond of time ; 
the force with which the air will act again{t a 


body in fuch a motion will be meafured by 
that {pace through which a body muft fall to 
acquire | this velocity. It is eafily demons _ 
trated that a body would fall through the length 
of-a pendulum in a period which bears the 
fame proportion to a time of its vibration, as the 
ages | circum- 
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circumference of a circle is to its diameter muj- 
tiplied by the fquare root of 2, a pendulum 
89-126 inches long {wings feconds: then 27.009 
thirds = the time required to fall in vacuo 
through fuch a length. Suppofing the velocity, 
viz. 17 feet, = a, the time — 4, 16.09 feet 3.6; 
then we fhall have ¥c6:2Vb:22 C1 2X aby 
| &.% ges ae 
= a: hence ye =Afeet 4 inches. It is thus | 
by fuppofing in the infinitefimals of a fecond the 
velocity was thus uniform, the body would arrive at 
the earth at the fame time as one would do by com. 
mencing by an almoft infinite {mall quantity, and 
gradually accelerating: hence then 483 lb. x 
te Gee 2052 1b.: thus we fee how this bird is 
enabled to foar aloft with its prey, equal in 


weight to itfelf, although the volatile powers — 


are diminifhed, yet here is amply fufficient in 
Fererve. If is not, however, in cafes of this 
nature that the maximum of its exertions js re~ 
quired: it is when elevated high in the air, and 
| viewing the obje& of its rapacioufnefs beneath, 
falls down upon it with almoft the accelerating 
powers of gravitation. Let us fuppofe the little 
expanfion of its wings neceflary to preferve an 
 €quipoife, that it finks through the fpace of one 
hundred yards in eight feconds, and which, were 
the gravitating powers not thus interrupted, would 
be accomplifhed in fix moments, the uniform de- 

| 7 {cent 


i. Ae 
{cent would be 37 feet; with a velocity fo great, 
the momentum is proportionally fo; as the weight 
is 60 1b. the momentum will be 2000lb. It is 
here all the powers of the body* are requifite to 
overcome a force that might otherwife dafh the 
animal to the earth; while, on the contrary, we 
fee the hawk firft affigning to himfelf the diftance 
of the obje&t, and then by precipitation darting 
down with an increafing velocity: thus, were he 
not enabled to check at any period the impetuo- 


® When we know the weight of a body, and the height from 
which it falls, we may eafily know what ftroke it wiil give, 
for the fquare root of the {paces will always give the velocity, 
which being multiplied into the mafs or weight of the body | 
gives us its momentum. 

‘A body falling from the height of 300 feet, the {quare root 
17.9 will give us the velocity ; when we'know the momentum 
of the body through the fpace of one foot, it will give us the 
other. To afcertain this, I made ufe of one of thofe iron cy- 
linders which has a {pring within, and according as a weight is 
attached to a hook at the bottom, fuch is exprefled by the 
rife of a graduated iron plate out of the cylinder; by letting 
aipound weight’fall through the’fpace of one foot, it extended 
the feale to the mark of three pounds: -when the pound fell 
from four feet in height, its momentum was then equal to fix 
pounds; thus their velocities are precifely as the fquare root of 
‘their {paces, 60 lb. the weight of this bird would be equal to 
480 Ib. in-falling’ through one'foot ; through goo feet it would 
be 180 X 4/300 = 91141b.: as we have already obferved, 
that the bird does not defcend with fo rapid.a velocity, nearly a 
‘third lefs 5 its momentum at the end of duch a fall would at 
Jeaft equal. 2000 lb. 


é fity 
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‘fity of his career, a fall through a {pace of this. 


extent muft prove fatal. 


- Suppofing he is in that ftate as only to be 


hovering inthe air, gently floating with a velocity 


not more than 4 feet in a fecond; proceéding as 
above, the power of rifing will be 120lb. being 
double its own weight. . | 

It has been much difputed whether, in the 
rapidity of motion, birds are capable of diftinguifh- 
ing objeéts. In the Philofophical Tranfattions 
for the year 1795 thereis a paperon the ftruéture 


of the eyes of birds, by Mr. Smith, whofe re- 


marks being precifely the fame with thofe of Dr. 
Derham, in his Phyfico Theology, certainly can- 
not merit any attention on account of novelty. 
Dr. Derham remarked a loricated ftate of that 
part of the {clerotica which immediately furrounds 
the cornea, a€ting like pulleys, over which the 
tendinous fibres were fpread, and which termi- 
nated in forming the four recti mufcles. The 
Doftor fuppofed fuch a confirmation neceflary 
for the quick changes of vifion in birds, to enable 
them to fee their food at their bill’s ends, or 
to diftinguifh the utmoft diftance -their high 
flights enable them to view, that the focal pow- 
ers of the eye may be accommodated to the 
different refraGtions they muft experience in 
the different aérial media in which they are 
immerged: to this fuppofition there are many 


; objections. If all thefe mufcles aét, would the 


] eye 


~ 


ee 

eye be rendered more convex? Certainly , the 
cornea, by fuch an action, can never be cons 
verted into a fegment of a leffler fphere. Are 
the fame mufcles calculated for contrary attion ? 
Could they at one time enable the bird to view his 
food at his bill, and at another extend his powers 
of fight over far diftant woods and mountains; 
or make the globe at one time elliptical, at ano- 
ther like an oblate fpheroid? Had it been recol- 
lected that the eye, although not a perfea fphere, 
is yet nearly approaching to that form the mofft 
capacious of any, and being perfeéily replete 
with its contents, how could it fuffer any farther: 
deviation from a globe, without an exudation of 
the aqueous humour? the fclerotica in itfelf be- 
ing fo perfeétly inelaftic, that even a fmall por- 
tion, by the application of a confiderable weight, 
would not in the leaft extend. In viewing a near 
obje&, the axis of the eyes is neceffarily turned 
towards the nofe: how would the advocates of 
fuch a doétrine attempt to explain the oblique 
actions of the re@ti mufcles which in this cafe muft 
take place? ‘ Natura fimplex eft & rerum caufis 
“* fuperfluis non luxuriat ;” thus fays the immor- 
tal Newton. Why fhould we think of adopt- 
ing {o complicated a fyftem, when all the phzno- 
mena are fo.eafily explicable on the different cur- _ 
vatures of the cryftalline lens? Had the optical 
properties of this beautiful medium been more 
philofophically attended to by phyfiologifts, they 

| | certainly 
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certainly could never have been induced, from 
one folitary inftance, where moft probably there 
were fome circumftances not carefully attended 
to, to fuppofe it were of no ufe. With refpe& 
to this laminated {tru€ture, if calculated for fuch 
a purpofe, it would only be found in thofe birds 
whofe motions are rapid. We obferve the fame 
in the oftrich, the turkey, and the goofe, as well 
as in the buftard and the eagle; and, from fome 
circumftances, it appears that hawks, or birds of 
prey, when they dart down upon a f{maller bird, 
have their eyes fhut; the hawk generally moves 
horizontally to fome diftance, and, when he 
precipitates himfelf, often makes a falfe plunge: 
had he powers of obferving the progrefs of the 
{maller bird, he would regulate his aétions 
accordingly. Reaumur alfo has told us, that he 
has obferved, with pleafure, a {parrow purfuing 
a butterfly, which, from the irregularity of its 
motion, efcaped every attack of the {parrow. 
It appears more probable, that thefe bony firata 
are calculated for defending the eyes of birds 
from the danger they undergo, from their habi- 
tations on trees, &c. and thus, by the curious. 
petinated organs about the choroides, enabled to 
withdraw the eye into the bony arch. 
Dr. Derham has alfo remarked another beauti- 
ful ftru€ture in birds in the mechanifm of the 
lungs, which are not entire, as in other animals, 
but communicate to many ceils, both in the foft 
ie - Be parts 
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parts and in the bones; as the flernum, ribs, and 
vertebra, have their internal fubflance divided 
into cells. The Doétor had obferved a mode- 
rately thin membrane, but not regarding this as 
a diaphragm, he adopted the general opinion of 
birds having none; he imagined it might be of 
ufe in rendering their bodies more or lefs buoy- 
ant, and thus facilitate their afcents and defcents. 
Mr. Hunter, who has paid fome attention to this 
fubjeét, with more propriety thinks they are asaérial 


refervoirs, when, in their rapid motions, the re- - 


{piration cannot be fo perfeétly performed; and 
{uppofes on this alfo depends the great continuance 


of fong in fome birds. If fuch had been con-— 
fined to birds of rapid flight, or thofe which are 
amphibious, fuch would appearaproper dedu€tion. 


They are obferved more numerous in the oftrich, 
-a bird not intended to fly; hence the reafon of 
this aérial veficular arrangement appears not per- 
feétly evident; it is obferved that the animal heat 
of birds is five or fix degrees greater than man; if 


fuch depend on the decompofition of oxygene 


gas* by carbone, perhaps’ this greater ake 
may become necefiary. ai 


OF 


* It was obferved, in the Effay on the Spine, that the func- 
tions of the animal ceconomy are inexplicable on chemical princi- 


ples; even the favourite theory of the decompofition of caloric 


from its oxygen bafe by carbone, labours under feveral difficulties. 
it is faid, that the heat of the body is regulated by the refpiratory 
organs; the animal heat of a child is more than that of an adult; 
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as it is obferved, that the young of all animated creation is hot- 
ter than the old, as with young trees. In an infant, it is faid, 
the child refpires more frequent ; in many cafes of difeafes man 
_ breathes much more frequent without the internal temperature 
being increafed.. In Greenland and Lapland, where the cold is 
intenfe, confequently the generation of a greater quantity of 
caloric becomes neceflary; we are then told that not only there 
is a greater quantity of carbone in the fyftem; alfo the air being 
in a denfer ftate, holds a proportionate quantity more caloric. 
How contrary this is to the general properties of bodies, where 
there can be no diminution in capacity without an evolution of 
_ caloric; and, from variety of experiments, it is well known 
that air, as it condenfes, throws out a great quantity of heat; 
even with.the condenfation of three or four atmofpheres, very 
fenfible effects are induced; and if we place a thermometer 
within the blaft of the condenfed air refuming its natural 
ftate, the mercury rapidly finks; as is alfo obferved in the ex- 
haufted receiver: if fo, the fame proportionate quantity pof- 
feffes lefs caloric. Birds poflefs more animal heat than man, 
even thofe whofe flight is very high. Sauffure, when on Mont 

Blanc, demonftrated by his eudiometer, that the air in thefe 
| regions is very impure: we have alfo many inftances where 
the greater part of the blood does not pafs through the lungs, 
yet no diminution of temperature. In fome, where the foramen 
ovale has never been clofed, as is the cafe with the Blue Boy, as 
he is called, at Rotherhithe, where the whole furface of the 
body has the venal tinge; and in many cafes of phthifis, when 
Nature is interrupted in her circulation through the lungs, fhe 
frequently re-opens this partition. From various authorities, | 
we have reafon to fuppofe that there are men, as pearl divers, 
who will bear immerfion under water for a quarter of an hour, 
or more, and, without more than two or three minutes interval, 
will dive again, and yet fuffer no inconvenience. Surely, in all 
thefe cafes, if there were no other refource for heat than in refpi- 
ration, if the latter is checked, fhould not there be a diminution 
ui the former? while it is rarely obferved, whether native of 
the Line, or of the frozen region, that there. is the leaft differ- 
ence of temperature but what is attendant with death. 


ESSAY 


ESSAY 


ON MATTER 


FALLACY OF THE SENSES. 


AS all our knowledge of external or material — 
things depends upon the evidence of the external 
fenfes, if thefe are proved fallacious, the reality 
of matter could no longer be fupported. In the 
earlier periods of literature, in the dawn of phi- 
lofophy, we find many who have attempted to 
prove that our fenfory organs are delufive; that 
inftead of a€ting that part for which we might 
fuppofe they were created, that they are continu- 
ally leading us aftray; that, inftead of tending to 

. our 
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our prefervation and happinefs, they are to be 

regarded as inftruments of treachery and deceit. 
Let any one phyfiologically examine the admi- 
rable ftructure of the eye; the beautiful and fim- 
ple apparatus with which it is endowed for view-= 
ing objeéts at different diftances; the included 
media fo arranged as to anfwer the beft and wifeft 
purpotes :—let him examine the organization’ of 
the fenfe of hearing ; how calculated to: concen- 
trate the fonorous waves; how the membrana 
tympani regulates the percuffive effet of the 
aérial tremors; how it increafes or checks the 
undulatory career:—let him examine the officula, 
the auditory levers for tranfmitting undiminifhed 
the impreffion that has been communicated; and 
how the bony curve of the labyrinth is thrown 
into a correfponding agitation, from the impulfe 
its included water receives:—iet him attend to the 
olfaétory organs; the exquifite fenfibility and ele- 
gant whitenefs of the membrana {chneideriana of 
the ethmoidal cells, and its fufceptibility of impref- 
fion from the groffer effluvia:—-and laitly, let hine 
only refleé on the diftribution of nervous papilla: 
in the tongue, the hands, &c. ; howthefe projecting 
little nipples lurking under the fkin, and poffef. 
fing fenfatory power in a concentrated degree, 
arc admirably formed for embracing objeéts ex- 
pofed to their a@ion; how, in the one cafe, 
when the obje& is minutely divided, and direéily 
impreffes them, the fenfation of tafte is induced s, 
and 
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and how, in the other, when the atual contaét is 
prevented by the cuticular cover, yet the fenfa- 
tion of refiftance is imparted. 

Could any one, after fuch an inveftigation, 
ferioufly and folemnly believe that the wife and 
beneficent Author of Nature would thus arrange 
our fyftem to betray us; to entertain fuch a 
thought is derogating from that reverence we 
ought to pay to our Creator; nor can I diveft 
myfelf from thinking, that fuch, in fome refpetts, 
borders on impiety. We find Democritus and 
Epicurus maintained, that fmell, tafte, found, co- 
lour, heat, are mere illufions of fenfe, and have 
no real exiftence; even Plato afferted we had no 
real knowledge of material things, and that eter- 
nal and immutable ideas are the only objeés of 
real knowledge: fo all the academics endeavoured 
to prove, that, even in things the moft evident, 
we ought to withhold affent. That the teftimony 
of the fenfes fhould be fufpe&ed, they inftanced 
in many circumftances; as the crooked appear- 
ance of an oar in water, objefts magnified in a 
fog, the fun and moon appearing about a foot 
or two in diameter, the different colours on a 
dove’s neck, &c.* — : 

: The 

# Quid ergo eft, quod percipi poffit, fi ne fenfus quidem vera 
nuntiant? quoft tu Luculle, communi loco defendis: quod ne 
id facere poffes, id circo heri, non neceflario loco contra fenfus 


tam multa dixeram: tu autem te negas infracto remo neque 


columbae collo commoveri. Quid poteft eft fole majus? quem 
| mathematici 


(ae 
~ The Cartefians alfo fufpected falfehood in every 
thing the fenfes reprefent; the celebrated Des 
Cartes, he who produced the greateft revolution in 
philofophy, and deftroyed the dogmas of Ariftotle, 
that he might not be led aftray, commences his 
principles by a ftate of univerfal doubt, and ad- 
mits nothing as certain, until compelled by clear 
and cogent evidence*. But Spinoza has well ob- 
ferved, that the evidence of fenfe ought to have 
been admitted as a firft principle, as well as that 
of confcioufnefs ; as Des Cartes has endeavoured 
to prove our exiftence from a principle of con- 
fcioufnefs, and from hence the exiftence of an in- 
finitely perfeét all-powerful Being; but that ex- 
ternal objeéts only exifted as images in the mind; 
that the fun, moon, earth, and fea, were only 
ideas, the reality of which we were not certain. 
Spinoza has properly remarked, that we ought to 
admit the exiftence of a fubftance from the idea 


mathematici amplius duo deviginti partibus confirmant majorem 
effe, quam terram: quantulus nobis videtur ’ mihi quidem quafi 


pedalis. Cic. Queft. Tufc. ad Lucull. p. 299. 


* « Facile quidem fupponimus, nullum effe Deum, nullum 
“ celum, nulla corpora; nofque etiam ipfos non habere ma- 
<‘ nus, nec pedes, nec denique ullum corpus; non autem idea 
“ nos qui talia cogitamus nihil effe; repugnet enim, ut pute- 
«mus id, quod cogitat non exiftere. Ac proinde hee cogni- 
“ tio, ego cogito, erga fum, eft omnium prima & certiffima.” 

Des Cart. Princip 


K os as 
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as well as from confcioufnefs*. This mode of. 
reafoning muft neceffarily have led Des Cartes 
to a {tate of general f{cepticifm, and fuch would 
have been the refult, had he not heen reftrained 
by the terrors of the church +. 

Although Des Cartes may be allowed the ho- 
nour of firft.drawing a line of diftin@ion between 
the material and intelle€ual world, yet it alfo. 
muft be granted that he has been the fource of 
the doétrines of a Malebranche, a Berkley, and 
a Hume; although his philofophy utterly de- 
ftroyed the materia prima, fubftantial forms, and 
occult qualities, of Ariftotle, it has alfo prevented 
the more ufeful part being attended to, 

It would be foreign to this Eflay,: tO sate 
tempt any inveftigation of the Opinions of Des — 


* Si quis dicerit fe claram & diftin@am, hoc eft veram, 
ideam fubftantize habere, & nihilominus dubitare num talis fub- 
ftantia exiftat, idem hercle effet ac fi diceret fe veram habere 
ideam, & nihilominus dubitare num falfa fit (ut fatis attendenti 
fit manifeftum) vel fi quis ftatuat fubftantiam creari, fimul fta- 
tuit ideam falfam faétam efle veram; quo nance nihil abfurdius 

‘concipi poteft: adeoque fatendum neceffario eft, fubftantize ex- 
iftentiam ficut ejus effentiam aternam effe veritatem. 
Spinoz Ethic, Part I. 


+ “ At nihilominus memor mez tenuitatis, nihil affirmo:; 
“ fed héc omnia tum Ecclefice Catholicze auctoritati, tum pru- 
* dentiorum judiciis fubmitto ; nihilque ab ullo credi velim, 
“ nifi quod ipfi evidens & inviéta ratio perfuadebit,” 


Cartes, 
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Cartes, Malebranche, Norris, Berkley, Collier, 
and Hume; all that I intend, is to endeavour to 
prove, that the arguments adduced againft the | 
veracity of the fenfes are not correét; that their 
opinions have principally arofe from not diftin- 
guifhing properly the judgment of the mind from 
the perception of the fenfes. | 

Suppofing a man were to exift, deprived of 
fenfatory organs—deprived of feeing; hearing, 
fmelling, tafting, and feeling, would not his ex- 
iftence be merely vegetative? If fuch be 
granted, it will neceffarily follow, that all his 
acquifitions muft originate from thofe fenfes. 
We find, that when man firft emerges into exift- 
ence, is likewife the infantine period of the fenfes, 
as yet unimpreffed, as yet unexerted; he ap- 
pears, at firft, a kind of animated mafs, without 
any intelle€tual powers; fo it is ordained for the 
wifeft purpofes: for could we fuppofe a child 
evolving into the world, with its underftanding 
in a ftate of maturity, all its fenfes in a moment 
thrown into rapid attion, it would be diftraéted 
with aftonifhment, apprehenfion, curiofity, and 


fufpenfe ; its powers would be exerted with an 


impetuofity which would render them unfupporta- 
ble: while, on the contrary, the acquirement of 
ideas is fo gentle and gradual, that we neceffarily 
acquire that moderation and felf-government, 
that aptitude and readinefs in reftraining ourfelves. 
As all our knowledge is derived from the ex- 
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ternal fenfes, let us examine them feparately ; 
let us endeavour to fhew what would be the refult 


of a vey etative kind: of mafs, endued with only | 
the fenfe of feeing, and then fucceffively com. | 


bined wit h the other fenfes, 


SENSE OF SEEING, 


To examine whether the idea of the peripatetic 
philofophers, refpeéting the different kind of forms 
which bodies were continually fending off, and 


thus aéting on the different fenfes, fince the ob- 
lervations of Des Cartes, would now be fuperflu- 


ous; it mutt certainly be granted, that all bodies 
hick are vifible either emit light, or refle@ it. It 


might appear a matter: of little confequence in 
this confideration, whether hght is confidered as: 


univerfally diffufed and apparent when aéted on, 


or emanating in right lines. As, in fome refpeéts, 


the latter opinion is more agreeable to the demon- 
itrations which hereafter will be attempted, fuch, 


from the following proofs, will be adopted. 


Newton has fhewn, that a preffure propagated 
through a fluid does not aé& in right lines, unlefs 
the particles of that fluid are thus direétly polited, 


“ Prefho non propagatur per fluidum fecundum 


“* lineas reas, nifi ubi particule fluidi in direc- | 


“ tum jacent.”? Prop. 41, Princip. Suppofing a 
. room | 


f 
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room darkened in the fame manner as when fry= | 
ing prifmatic experiments, a ray of light, per- 
vading a {mall aperture in the window fhutter, 
only forms on the oppofite wall a figure of the 
fun, fubtending an angle with the window fhutter, 
equal to that of the real fun; if the room had 
been replete with light, as with air, the firft ima 
pulfe at the aperture would caufe it to act. equally 
all around: each particle thus acted on would 
conftitute a frefh centre, and thus its motion 
would be diffufed through every part of the room; 
as fuch does not take place, it is not univerfally 
diffufed, but ‘ particule in direétum jacent.” 

A ray of light emanates from the fun not in- 
ftantaneoufly, but progreffively, viz. elght mi- 
nutes, thirteen feconds, in paffing from the fun 
to. us; about ninety-fix millions of mil es (at a_ 
medium). This has been fatisfactorily proved 
by the obfervations of Reaumur, re{pecting the 
eclipfes of the jovial fatellites, as well alfo by the 
greateft difcovery in aftronomy in this age, the 
aberration of the ftars, by Dr. Bradley. 

Notwithftanding thefe proofs, we find many 
celebrated philofophers who could not conceive 
how light fhould be driven off the fun’s furface 
with the amazing velocity of 200,000 miles in a | 
fecond of time; hence Huygens imagined that 
light confifted in vibrations propagated from -the 
luminous body through fubtle ztherial medium: 
the great Euler fupported this, and thought that 

the 


dae 

the fun would be diminifhed by fuch a copious 
emiffion. Dr. Franklin entertained the fame 
opinion, and farther fuppofed, that the fmallett 
conceivable particle of matter moving with fo 
incredible a velocity, would acquire the momen- 
tum of a 24-pounder difcharged from a cannon; 
that the fun would diminifh in its weight, and- 
confequently in its gravitating powers, fo that the 
revolving planets would neceflarily perform larger 
orbitary revolutions. 

Newton imagined that the fun would dimi- 
nifh, and thought the comets* were to reno- 
vate its powers, as well as their tails, to impart 
moilture to the planets, and a renewal of that 
vital portion of empyreal air he thought were 
deftroyed. Such would never have been New- 


ton’s conclufion, had he trufted a little more to | - 


his powers of calculation. If we fuppofe a lu- 
winous particle equal in bulk tothe minuteft vo- 
latile effluvia, the fize of a particle emitted from 
aflafoetidat does not exceed the thoufand billionth 

| | part 


* Newton's Principia on the Comet of 1680. From this fup- 
pofed property of moifture in the tails, Whifton imagined a 
<ndden condenfation of one when pafling through the earth's 
‘orbit, near to this planet, might occafion the general deluge.. 


+ Mr. Boyle proved by experiment, that a mafs of affa- 
foetida, expofed to the open air, loft, in fix days time, the 


eighth part of a grain; therefore, in one minute of time ——— 
: 69120 


of a grain, fuppofing the flux of effluvia uniform: at the dif- 
tance 


oe) | 
part of a cubic inch. If we fuppofe light as fpe. 
cifically heavy as gold, the force of momentum 
in each particle would be infinitely inferior to the 
momentum of the gentleft dew, and would re- 
quire more than a million of years to produce the 


diminution of —— part of a fingle fecond. That 
if 100 é 


light has a momentum, is evident from the expe- 
riments of Homberg, Mairan, and Mitchel ae 
| who 


tance of two feet the effluvia is diftinguifhed by the {mell; confe- 
quently a fphere, whofe radius is two feet, is replete with thig,, 
the divifion becomes beyond all powers of comprehenfion, viz. 
8 


——— a parts of a cubic inch. 
10.000.000.000.000.000 “al 


* One objection, among fome others, which may be advanced 
againit the conclufion of Mr. Mitchel 3 he feems not to have 
made any allowance for the greater proportionate decreafe of 
denfity in light than in the ratio of the diftance; that it meets 
with confiderable refiftancein air we are well affured from many 
experiments, as from its continual refraGtion throngh all the 
aerial media, progreffively increafing in denfity, a ray of light 
mutt neceflarily arrive to us in a curvilinear direction ; what 
portion may be interrupted in its progrefs we know not. Bou- 
gouer has fhewn, that water, more than 45 fathoms deep, 
reflects no image of the fun, the whole light being loft: 
from analogy the fame may take place in air, in the ratio of its 
denfity, viz. 94 feet of water being equal to the weight of at- 
mofphere, and 45 x 6 = 270 feet of water, through which 
{pace light becomes difperfed; hence 270: 1: 34: ror a = 
nearly; fo that we may fuppofe one eighth of the light is loft 
by its paflage through air: this appears farther probable, as 

oe tran{pa- 
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who have agitated feathers, amianthus, and deli- 
cately fufpended levers. Why fhould we fuppofe 
that there is any thing afrefh created? Why may 
not light, when difengaged from its terreftrial 
combinations, return to that fource from whence 
it originated, and thus, by a. continual circula- 
tion, keep up its energifing power without any 
diminution in quantity. 

- Light is a fluid fui generis, and no ways fimilar 
in its properties to caloric, or the matter of heat. 
Bodies may be heated from 540° down to 60°, 
without exciting any fenfible illumination; while, 
‘an the contrary, we fee light from the flow phof- 
phorefcent combuftion of the lanthorn fly and the 
glow-worm. Fire is diffufible equally, and pe- 
netrates all bodies without exception, while light 
only produces fenfible cffegis on opaque matter *. 
Fire is abforbed and given out by bodies in the 
tranfparent bodies of a fimilar nature refract in the proportions 
of their denfities, and lofe, by refleCtion, the fame proportionate 


degree.— Vide Newton's Optics, lib. 2. prop. 14. 


\ 


* If in a common phial a match be placed, and this phial - 
immerged in a glafs veffel filled with water, and a fenfible ther- 

smometer-applied to the fluid, the concentrated folar rays, through 
a convex lens, or from a concave mirror, being made to pafs 
through the water, fo that the focus fhall fall on the match, 
this will be inflamed and burnt without the water haying its 
temperature increafed ;-as would otherways be evinced by the 
thermometer. This fhews light will not aét on tranfparent fub- 


tances. 


proportion 


( a.) 


Bsbportion of their fpecific gravities*, while light 
is regulated in its increafe of velocity by the re- 
fragting power of the mediumt; fire aéts in all 
dire€tions, light only in right lines; fire produces 
ho change in the colourlefs nitrous acid, while 
light gives it another tinge, and renders it fuming. 
The experiment of Beccaria’s diamond t even 
fhews an averfion to their being united in one 
and the fame body. Light has, as has already 
been obferved, weight §, while no experiments 

have 


* Iron feels colder than wood, becaufe it abforbs and gives 
out heat quicker; a veflel filled with hot water, fufpended in a 
reom, and furrounded with wool, will preferve its warmth 24 
hours : thus the man who was placed in an oven, when fo hot 
as to bake bread, yet fuffered no inconvenience, becaufe he was 
only in conta&t with wood; and the caloric being fo flowly com- 
municated, that the powers of life. prevented his temperature 
being increafed. 


oe Newton's Optics, lib. 2. prop. 10. 


+ Itisa Y welll known property of the diamond, and alfo many 
dither bodies, that when expofed to light they abforb a quantity, 
and throw it outin the dark. Beccaria thus expofed a diamond, 
which, when brought into a dark room, appeared for a time 
luminous; when this died away, it re-appeared by the appliea- 
tion of fo much warmth the mouth would give ; when this dif- 
perfed, it was renewed by immerfion in hot water; afterwards, 
no additional warmth ever produced the leaft luminous appear- 
ance, till a frefh expofure to light was made: the inference is 
eafy; that the light was not produced by the caloric, but 
difengaged from the body. 


§ It has been fuppofed that light has no weight, becaufe it 


appears to be uninfluenced by any gravity ; as darting from the 
: L fun 
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have hitherto evinced any gravity in caloric*. 
Dr. Higgins fuppofes that caloric and light are | 
one and the fame matter, their different appear- 
ances being the refult of varied direétions; that 
caloric fubfifts by the proximity, and light by the 
rapid projectile motion of the fame matter. How 
will this be reconcileable to what is above men-_ 
tentioned ? By what power are we to fuppofe that | 


fun through the immenfity of fpace, without being controlled. 
hy any of the planetary regions. The inftant a ball is fired out | 
of acannon, gravity has but a little fway; if, inftead of mov- 
ing 4 or 500 feet in a fecond of time, it fhould move with the 
amazing rapidity of light, any deduCtion on account of gravity 
could even make no mathematical difference. 


ar. 


* Dr. Fordyce’s experiments rather fhew a degree of levity 
than gravity in caloric. I have been attempting fome experi- 
ments refpecting the amazing difengagement of caloric by the 
mixture of the vitriolic acid and water. It is well known, that 
in fuch a mixture there is a great diminution of bulk, or, what 
was formerly called, a penetration of dimenfions. I have been 
endeavouring not only to afcertain the f{pecific gravity of the 
compound, but alfo its relative weight; I have not as yet been 
enabled to prevent fome lofs by evaporation fo great a heat pro- 
duces. I have been enabled to determine what quantity of ice 
fuch a mixture will ditlolve. : 

It is ealy to conceive how a' body expanded by caloric mutt 
weigh leis, as it muft difpoflefs a greater quantity of air; on 
this account it muft not be inferred that caloric is lefs than no- 
thing. We know a ftcel bar, when magnetifed, weighs lef, ag 
Whition found one, 7 feet. long, loft 14 grains: this does not. 
evince a Stahlian principle of levity; it is owing to its gravita- 
ting tendency towards the centre of the earth being counteracted 
by a tendency to the magnetic — 
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one part of the fame matter fhall have a continued 
proximate a€tion, and another portion a powerful 
reCtilineal diretion? Could any previous differ- 
ence in velocity make any effential difference 
after a chemical combination? In the vegetable 
creation the influence of light is too evident to 
éfcape our attention: how pale, how languid, 
when expofed even to a fuperior temperature, 
without the benefit of this enlivening principle ; 
while, on the contrary, when expofed to a com- 
bination with this energifing fubftance, it has the 
verdant tint of health. When caloric is difen- 
gaged by the concentrated folar rays, it appears 
to be a fimple chemical decompofition, a body 
abforbing light, and throwing out its matter of 
heat.. 

By the eye we are enabled to difcriminate the 
colour, the diftance, the magnitude, and figure 
of external objeéts, as well as their motion when 
attended with a change of place; in this order I 
fhall prefume to examine them. . 

Colours are now well known to be owing to 
the different refrangibility of the different por-~ 
tions of a ray of light; and, according as the 
furface of a body is difpofed to the refleétions of 
fuch portions, certain correfponding colours are 
produced: in faét, a ray of light appears to be 
compofed of portions progreffively diminifhing 
in momenta; that part which has the greateft force 
is the leaft bent out of its courfe, and impreffing 
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the retina with the greateft power, produces the 
lively fenfation of rednefs. According as they 


diminifh in vigour, a diminifhed vividnefs of fen- 
fation is induced through the prifmatic fcale, the 


orange, the yellow, the green, the blue, indigo, 
and violet: this appears farther probable from 
ftrong luminous bodies, as the fun, when viewed 
through a cloudy medium, appearing red, arifing 
from the momenta of the other different portions 
not being enabled to overcome the refiftance, are 
neceflarily not tran{mitted: alfo, when we paint 
‘the bulb of a very fenfible thermometer with 


white, it is near ten degrees lower than when CO= 
vered with black; the former refleAling all the 


light, while in the latter the whole is abforbed. 
If we paint a number of thermometers in the 
order of the fpe@trum, we find, that in the violet 
the thermometer is higheft, while inthe red it is 


the loweft, and which demonftrates, that all the. 


rays being in aétion but that which is refleGted, 


confequently the gradation of the fall will mark 
the degree of force. This is contrary to the fup- 
pofition of Dr. Hartley, who fancied the vibra- 
tions in the retina, from violet rays, were double 
to thofe produced by the extreme red rays, If 


Dr. Hartley’s conjefure was right, how would. 


the nature of ocular fpeétra be explained? After : 
looking at the fun, we find, after the intenfity of 


its ation has fubfided, a red fun appears; then 
: ad 


i 
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an orange, &c. Surely, as the aétion diminithes, 
the vibrations cannot be increafed. 

It has been too generally fuppofed, that colours 2 
are entirely dependant on the mind, as if they did : 
not originate from any external caufe. Newton, 
by throwing the red-making rays on cinnabar, 
and the blue-making rays on ultramarine, demon- 
firated, from their vividnefs, that their furfaces 
were difpofed to fuch refle€&tions. When the ex- 
periment was reverfed, the cinnabar appeared of 
a faint obfcure blue, and the yltramarine of a dim 
red. From this it has been argued that the co- 
lours do not appertain to the body, as that light 
is reflected that is not congenial to it. When 
we view the fpetrum, we obferve no definite di- 
vifion in the colours, the one melting impercepti- 
bly into the other; that it is only their extreme 
parts which can be well diftinguifhed; as the 
colours are more remote in the {pe@rum, the lefs 
relation they will have to each other: thus, fup-— 
poting the red gradually running into orange, has 


‘5 Part of its colour in that portion; in the yellow 


e ° ? ° 1 e 
it would be — of — viz. —~ and fo on, In a 
10 10 100 


decreafing feries; that in the green there would 
be an infinitely fmall portion; this we find confo- 
nant to experiments: the orange refleéts more red 
rays than the yellow, and this more than the blue; 
fo that the faintnefs may be owing to only that 
portion 
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portion being reflected as enters, as it were, into 
the compofition of that particular colour. 

The colour of an external obje&t depends upon 
an impreffion on the optic expanfion from the re~ 
~ ffeGion of a certain portion of a ray of light. If 
this be granted, does it not neceflarily follow that 
light is material? Can we conceive impreflion 
without refiftance? Can we conceive refiftance 
without matter? . 


OF THE, DISTANCE OF OBJECTS. 


_ In the afcertainment of the diftance of an ob- 
es our powers are neceffarily limited, yet they 
anfwer the beft and wifeft purpofes of our crea- 
tion; the extent of our vifual powers is fuch, 
as fuffice for our pleafures as well as our preferva- 
tion. It is but opening the eye, and the fcene 
enters; we embrace, as it were, at once an infi- 
nite number of bodies, and bring into our reach 
the moft remote parts of the Univerfe. When 
we view the conchoidal arch above, and contem- 
plate the planetary orbs, which our powers of cal- 
culation have afcertained an immenfe difference 
in diftances, yet the’eye is not capable of any 
fuch diftinétion; to it the moon appears as re- 
mote as the fun; the fun, as Sirius: even thofe 
little eleGrical emanations in the air, called fhoot- 
ing ftars, feem as far diftanced as the conftella- 

tion 
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tion of Orion; and the fmall elevation of a 
rocket has the appearance of being concentric, 
and in contaét with the heavenly curve above. 
Nor, indeed, is it neceffary that we fhould fo 
penetrate into the immenfity of fpace; we are 
fuficiently enabled to diftinguifh fuch diftances 
as are neceflary for our exiftence. How is fuch 
afcertained? Des Cartes’ fancied, that in near- 
fituated obje&ts diftance may be known by the 
angle formed by the two optic axes. ‘ Diftan- 
“ tiam difcimus, per mutuam quandam con{pira- 
*< tionem oculorum.’?—Des Cartes Diopt. HE 
this were fo, in remote objets, the ratio would be 
too little to hold good; nor could diftance be 
known by perfons with one eye. Dr. Moore, 
his cotemporary, in an Epiftle to that great phi- 
lofopher, has fhewn, that fuch could not be de- 
termined by the vifual angle, for an obje@t, 10° 
feet high, and 100 yards diftance, would form 
equal angle with an objet 5 feet, at 50 yards. 
Berkley, in his ingenious Effay on Vifion, has 
endeavoured to prove, that diftance, of itfelf, is 
only a line which imprefles the retina in a fingle 
point, and remains invariably the fame, whe- 
ther the diftance be greater or lefs: he fuppofes 
that it is afcertained by the confufednefs, diftin@- 
nefs, and faintnefs of objefis. When rays, pro- 
ceeding from each diftin& point of an obje&, are 
not properly converged, a confufion of vifion 
gives the idea of nearnefs; and when rays pafs 

| through 
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through a grofs medium; fo that few afrive frorti 
the obje&t to the eye, the attendant faintnefs pro- 
duces the idea of diftance. This theory will ac- 
count for the remarkable phenomena* of con- 
verging rays, that overturned the fyftem of a 
Tacquet, and embarraffed a Barrow, a Gregory, | 
and aNewton. Converging rays never exift in 
Nature; in an unnatural concourfe fuch may be 
requifite. Berkley endeavours to prove, that 
diftance is, in its own nature, imperceptible, there- 
fore perceived by fight by means of fome other 
‘idea, for lines and angles, he fays, are not per- 
ceived. Dr. Hartley fuppofes the principal cri+ 
terion of diftance is the magnitude of the picture : 
the obfervation of Dr. Moore, as mentioned 
above, demonftrates the error of fuch a fuppo- 
fition. | 

It appears to me, that the {pace between the 
moft vifible diverging rays and parallel are to be 


* If an objet be placed beyond the focus of a convex lens, 
and if the eye be clofe to the lens, it will appear confufed, but 
very near to its true place. If the eye be a little withdrawn, 
the confufion will increafe, and the obje€ will feem to come 
near; and when the eye is very near the focus, the confufion will 
be exceedingly great, and the object will feem to be clofe to the 
eye. In this experiment the eye receives no rays but what are 
converging ; and the point from which they iffue is fo far from 
being nearer than the object, that it is beyond it; notwithftand- 
ing which, the objeét is conceived to be much nearer than it is, 
though no very diftin€t idea can be formed of its precife diftance, 
V. Barrow’s Optical Lectures. 


afcertained 
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afcertained by the varied a€tion of the cryftalline 
lens; as we have reafon to believe, from its ftruc- 
ture, that there is a great feries of progreflive 
convexities between ‘the extremes. If the ad- 
meafurements of the different parts of the eye, as 
givenus by Moni. Petit, are correét, the diftance 
of perfe& vifion will be near 24 inches: that the’ 
eye, in its natural ftate, can fee objeés without 
any alteration; in near-fituated objects, the di- 
verging rays will not be united at near one tenth 
of an inch behind the retina, and parallel rays 
nearly as much before. The ftruéture of the eye 
will not allow of a fufficient removal of the cryl- 
talline, for it is fituated but a little more than one 
tenth part of an inch from the cornea; we néver 
fee it advancing fo far as to force the iris for- 
wards; nor can any alteration of any part of’ the 
eye but that of the cryftalline fuffice: for, to a& 
asa fimple lens, it certainly has a too-complicated 
apparatus ; the different curvatures of its different 
fides, the accommodating texture of the external 
lamina, and its fuperior denfity to the other me- 
dia, muft evidently fhew, that an occafional al- 
teration in its form will anfwer every purpofe, 
without producing the leaft derangement. If, for 
viewing near-fituated objeéts, the anterior portion 
is rendered equally convex with the pofterior, 
diverging rays will be converged on the retina : 
when rays proceed from remote objeéts, fo gently 
diverging as to be deemed parallel, the pofterior 

; M portion 
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portion being diminifhed in its convexity, will 
prevent a too quick convergency. Thus, from 
radiants, remote and near the lens, becomes an 
equal double convex; fuch an alteration may be 
effected by its own powers. Albinus has proved 
to us its animal ftruQure; that it is not infulated 
in its furrounding capfule, and has a vegetative 
kind of exiflence; the central artery paffing 
through the vitreous humour, fends off fome mi- 
nute ramifications; its delicate organization is 
evinced by its fufceptibility of inflammation, and 
fubfequent opacity. If we examine the lens with 
a microfcope, when enveloped with its tunic, 
through the little intervening water a fibrous ar- 
“rangement is eafily obferved, forming, as it were, 
three tendons, uniting in the centre, and thefe 
atted upon by parallel fibres, like thofe of a bi- 
pennatedmufcle; as the central angles of all 
thefe fibres being parallel will be equal, hence 
equally aét upon equal portions of the tendons; 
as the {phere is divided into fix different arranged 
hbrous portions, the,central, angles muft neceffa.. 
rily be fixty degrees each. If then we fuppofe 
the motive power of one fibre equivalent to a 
fingle grain, one eighth of the power will be loft 
by the. obliquity of the ation: on the wing of 
each tendon we may nearly count 50 fibres ; this 
produces 300 for the. whole, whofe united ations 
will be more than half an ounce. If this be the 
power of one lamen, all the lamina combined 
} 3 would 
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would fully effe@ every thing: when the lens be. 
~€omes a double convex, we know its furface ne- 
ceffarily becomes diminifhed; confequently the 
a€tion of the ciliary procefles will prevént any 
“corrugation of the furrounding capfule. In fihhes 
this lens is nearly fpherical; by refiding in a 
denfer medium than we, their eye is proportion- 
ally larger, as the refraction of the rays is necef- 
farily lefs. It is thus, by an habitual and cufto- 
mary conneftion between an alteration of the 
eryftalline, and the diftance of the objeét, that 
when this lens becomes moré convex, we affociate 
the idea of nearnefs, and vice verfa. From what 
has been obfetved, that our fenfes are gradual in 
their acquirements, it muft be fuppofed, that the 
firft impreffion which is made mutt be confufed, and 
the objef&t to which the eye would be direéted 
would appear to be in contac with the vifual or- 
‘gan, as is well known to have taken place in Che- 
felden’s Boy. eo 
Upon this theoty we may give a probable ex- 
planation of the phenomena of the horizontal fun © 
andmoon. It has been already obferved, that a 
ray of light is compofed of feven portions, each 
poffeffing different degrees of refrangibility ;. 
confequently, when paffing through any fimple 
convex medium, they cannot concentre to one 
point, but form a circular fpace of certain di- 
menfions. It is the different refrangibility of the 
heterogeneal rays which conftitutes this aberration; 
M 2 the 
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the f{pecific gravity of the nucleus of the lens is 
1.346, and that of the external portion 1 2, 
and by this difference the aberration will be re- 
duced; the lens is conftituted to converge all the 
different rays: thefe horizontal luminaries lofe all 
the more refrangible rays, which are bent down 
by the {pherical atmofphere; while the red and 
orange, being lefs bent, are tran{mitted; thefe, 
not being fo quickly converged, an alteration is 
required in the lens, to make it- more convex | 
than what is neceflary in viewing the meridian 
fun, hence imagined nearer, and -confequently 
larger. V. Newton, prop. 4. lib. 1. 

With refpeé to the magnitude of bodies, fuch 
appear to me to depend upon a peculiar ftructure 
of the expanfion of the optic nerve. 

When a tran{verfe fe€tion of the eye has been. 
made, we fee the concavity lined by a femi-pel« 
‘lucid membrane, formed by the {preading out of 
the optic nerve. By being equidiftant from the 
eryftalline lens, itis properly fituated for receiving 
an equal and regular impreflion; being alfo of a_ 
white colour, it equally refle@s all colours, and . 
hence diftinétly retains the impreffed vibrations, 
On examining its texture through a glafs which 
magnifies forty times, there appeared like a velo 
vet dawn upon its furface; the decuffations muft | 
be infinitely fine, fince this did not render vifible 
the leaft interftice ; a perfe€&t uniformity in its ap- 
pearance, except when aniSrEUpt ER by the mi- 
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nute branches of the optic veflels. From what 
net-like form this has been termed reiina I know 
not. By accurately examining thefe threads or 
fibrilla, when thus magnified, they appeared about 
the fize of a hair of the head; a hair meafures 


= part of an inch: hence one of thefe little 


threads will be equal to the eight thoufandth part 
of an inch. 

Perhaps from this ftruQure it may be cai 
why our powers of feeing are limited with refpeG 
to the magnitude of objeGs. If we fuppofe that. 
fuch are only vifible which can imprefstwo or more 
of thefe fibrille, we fhall then find a remarkable 
coincidence between the fize of the {mallet vifi- 
ble objeét, and the {pace that two of thefe fibrilla: 
will occupy. De la Hire has obferved, that he 
was enabled to fee the fail of a windmill 6 feet in 
diameter at the diftance of 4900 toifes; the pic- 


ture at the bottom of the eye will be —— partof 
; 8000 


an inch, and which correfponds to: the interval 
between two of thefe nervous fibrillz. We may 
thus explain why fome men may ei more ex« 
tenfive powers of feeing, by having the fibrillz 
ftill more minute. Mufchenbrock tells us of one 
man he knew, who could count thirteen ftars in 
the Pleiades, and could diftinguifh three fatel-_ 
lites of Jupiter. From the angle thefe would 
fubtend, the pi€ture formed at the bottom of the 
eye 
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eye would be - ; = part of an inch; in fuch a 


man the interval between the fibrils would be lefs 
than half the diftance than in a common eye. 

This will alfo explain the reafon why we are 
not fenfible to any impreffion on the optic nerve; 
in this part there being no fibrille, confequently 
not that fenfible arrangement as to be bial ie: 
of fuch impreffions. 

It cannot be difficult to conceive how, fiom 
experience, we may acquire an idea of magnitude. 
Berkley feems defirous of diftinguifhing the mag- 
‘nitude of an objeé& from that of the pi€ture; he 
fays the former is invariably the fame, while the 
latter changes, according to the fituation of the> 
obferver; thus he farther obferves, that when we 
are looking at the moon we fee a round luminous 
plain, about thirty vifible points in diameter: if 
we advance towards it 56 or 60 femi-diameters of 
the earth, there would be no veftige of its former 
appearance ; the original objeét has long fince dif- 
appeared. This appear's to me as {trong ah argu- 
ment againft his own doctrine that can be ad- 
vanced; the mind, he does not fuppofe, ean 
change, it remains invariably the fame; and by 
the creation of a .material world, he means no 
more than that God had decreed, from that time, 
to produce ideas in the minds of finite fpirits, in 
that order, and according to thofe rules, which 
we call the laws of Nature; fo that, according 

to 
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to this, it is a law of Nature, that, as we approach 
or recede from nothing, that nonentity fhall vary 
in its appearance. How eafily are all thefe 
_ changes explained by the fimple theory above at- 
tempted. In whatever fituation we are placed, 
the objeét of our fenfes undergoes no change ; 
fuppofing I am placed within a foot of an exten- 
five building, only part of it then becomes an - 
objet of my fenfe, as, from the conftru@ion of 
my eye, its powers of receiving light are neceffa- 
tily limited. If the building is fifty feet wide, 
_ at the diftance of one foot, it would require the 
bottom part of the eye to be thirteen inches long 
to admit all the rays of light refle€ted from the 
building. How difproportionate would fuch a 
ftru€ture be; how contrary to the purpofes of — 
our exiftencés As rays. of light, in pervading 
the eye, neceflarily interfe€&t each other a little 
beyond the pofterior part of the cryftalline tens, 
the diftance between this interfe@tion and the in- 
ternal bafe is about half an inch. If we fuppofe 
the fibrillated part of the retina to be an inch in 
extent, it muft appear evident that the eye, to 
embrace the whole obje@, muft be placed at a 
diftance not lefs than half the width of the build. 
ing; in this cafe, to fee the whole, we muft be 
25 feet from the building. 

Why then does it vary in its appearance as we 
approach or recede? It has already been re. 
marked, that a windmill fail, 6 feet in diameter, 

was 
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was wifble at the diftancé of 4000 toifes; had it 
been 3 fect only, it would not have been feen. 
Suppofe a building divided into portions of 3 > 
feet, at the above diftance fuch parts could not | 
be feen, as the picture of fuch would not be 
equal to the interval of two fibrils; but 6 feet 


will imprefs the {pace of =, part of an inch; fo 


that the eye is, in fa&t, not imprefled by any of 
the intermediate parts of the object; as we ap- 
_ proach, the rays of light are more diverging, and 
confequently the fpace of 6 feet will produce a 
pidture which will cover or imprefs a greater num- 
ber .of fibrils; it.is not thus the obyeét that. is 
changed, or the quantity of rays of light any 
ways altered, but a. neceflary confequence of our 
organization. A fly, we know, from its ftruc- 
ture, from the thoufands of divifions of each cor- 
nea, the radii of whofe cornicule are not more 
than the thoufandth part of an inch, can necef- 
_ farily converge rays proceeding from objeéts at 
the two or three hundredth part of an inch fatuated 
from itfelf, nearly two thoufand times nearer than 
we.can: infects infinitely lefs than a fly even this 
fpace may appear a world: the eye. of a mite, 
how exquifitely fine, and, if there is any analogy 
in ftru€ture, how inconceivably delicate muft the © 
nervous fibrils be; and there may be infeéts to 
whom a mite is an elephant: we may even carry 
our imagination fo far, as to fuppofe, with Male- 

| | branche 
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branche and Valifneri, that in a fpot our vifual 
powers are not capable of difcriminating a world 
may be contained *. 


Why we fee not Objects diftuncily when placed 


nearer than fix or feven Inches. 


Tt muft appear evident, that all the rays of light — 
which are thrown from any particular part of a 
body, or external objeé, unlefs they form a cor- 
refponding and proportionate part on the retina, 
the whole impreffion muft be confufed. If I am 
placed at fuch a diftance from a houfe as a {quare 
yard of the building will occupy upon the re- 
tina, an area of one tenth part of an inch, every 
other fquare yard of the building being equally 
reprefented in the eye, there will then be a pro- 
per ratio between the pi@ure and the obje@; if, 
inftead of one tenth of an inch, it fhould be fpread 
over one fifth of an inch, the fame fibrillz would 
be impreffed, at the fame time, by rays of light 


* Cid che in quefto cagiona il noftroerrore, fié, ch’ effendo 
la noftra vifta limitata, noi penfiamo, che, anche tale fia l’ ef- 
tenfione, de’ corpi, ed al contrario |’ eftenfione de’ corpi @ in 
um fenfo infinita, ed una piccola parte di materia, che fi naf- 
conde A ndftri occhi, é capace, come dice T autore della reverca 
della verita di contenere un mondo, dentro il quale foffero tutte 
quelle cofe, a proporzione pit piccole, che nel noftro mondo, 
in cui viviamo, fi troyamo, Valifneri, part. 1, chap. 9- 
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from different parts of the obje&; fo indeter- 
minate would the impulfes be, that only a 
confufed fenfation would arife: this muft be 
the cafe in both the near-fighted and the aged 
eye; in both the rays become difperfed, with 
_ this difference, in the former, the rays unite too 
foon, 7. ¢. before they arrive at the retina; and 
in the latter too late*: moreover, the fibrilla 
require that they fhould be impreffed by the 
united rays, that there may be a peculiar effeét 
refulting from the rays thus combined into a 
point, and each point impreffing a fingle fibril; 
this appears to be the reafon why Nature has fo 
beautifully arranged the eye, that no aberration 
or wandering of a ray of light fhall be pro- 
ducedt. Dr. Jurin, in his very deaeasd Effay 
on diflinét and indiftin@ Vifion, fuppofes, that in 
near--fituated objeéts all the rays do not unite, if 
the central part has the fame proportionate 


* Euler fuppofed the eye perfectly a chromatic, but Dr. 
Matkelyne has computed the diameter of the circle of the aber- 
ration upon the retina, and found it to be . 002667 of an inch. 
He thinks fome fuch aberration is neceflary to account for the. 
fenfible diameter of fome of ke fixed ftars. 


t The circle of aberration may be thus explained: in making ‘ 


ufe of a common burning glafs, it is abferved, that the rays of 

light, in patling through the glafs, are not united into an exact. 
point, but form a circular fpace of fome dimenfions, greater 
than ought to arife from the i image of the fun; the excels i is in 
comequence of the aberration of the rays, 
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quantity of light, will only appear confufed about 
the extremes; if I am looking at a crown piece, 
placed within four inches of my eye, the middle 
of it 1 ought to fee difting, and only the edges 
confufed; as the rays of light do not imprefs 
the retina in united points, but form thereupon, ~ 
from their conical dire&ions, many circular por- 
tions, what ought to have been united into one 
point, are now diffipated over a larger fpace, and 
which he calls circles of diffipation. Itis eafy to 
conceive how all thefe circles of diffipation will 
produce an equal intenfity of light in the central 
part of the image, and faint towards its bounds. 
To me, in praglice and theory, the whole appears 
equally confufed; the fame fibril is impreffed by 
as many different rays as there are circles of diffi- 
pation; there is not that impulfe neceflary to 
perfe& vifion. If I might be admitted to con- 
jecture, I would fay, that the neceffary effe& is 
that which arifes from the produ@ion of a third 
motion; that it is the refult of the compofition of 
forces, as the rays of light, before their union, 
are moving in different dire€tions; at the point 
of union the combined power is not equal to the 
fm of both, but varies as the rays are inclined to 
each other, 
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Greater Impreffions on the F ibrillee willl 
deftroy thofe which are weaker. 


At the approach of day, as the morning twi- 


jight increafes, the eye begins to be illuminated 
by the refle€tion of the atmofphere; the ftars 


grow faint, and difappear by degrees; the moon 


Jofes her luftre, and, at length, her light is over- 
powered by that quantity which is diffufed over 


the hemiipheral regions *. All of us muft have | 
-obferved the duifty particles floating in a beam of | 
light let into a darkened room, but which difap-_ 


pear as foon as the room is enlightened. It is. 


thefe dufty particles which produce the {cintillae | 


tion of the flars; in bodies placed at fuch an im- 


menfe diftance, fo infinitely fmall the angles they | 
fubtend, as to be partially obfcured by fo minute | 
a particle ; this may be illuftrated by a very fim- ) 


ple experiment: if we place a {mall piece of 
looking-glafs on the ground, fo that it may refle& 
to us the fun’s light, when at about 50 yards, 
it has a fteady uniform luminous appearance, as 


* From theory it would feera, that the light of the moon 


would not appear to be more than go,o00 times weaker than 


the fun; from experiments by the celebrated Bougouer, it was 
afcertained to be 300,000 times weaker. This demonftrates 
how fruitlefs the attempts of Boerhaave and others muft be in 
endeavouring t to produce any fenfible heat from its concentration. 


the 
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the planets have, when we remove one hundred 
yards, we perceives its twinkling. 

Although we cannot fee the ftars in the 
day-time, yet either in a deep well, or by a 
telefcope, we can fee them. Mr. Ludlam has 
conjectured, that as a ftar is a point, in view- 
ing it through a telefcope the furrounding fky 
appears fainter, becaufe the light is diffufed over 
a larger furface; while a. ftar hath no linear 
dimenfions, hence preferves its fame intenfity. 
In this explanation there feems many difficulties.; 
if a ftar is a mere fimple thread of light, how 
comes it that we make it vary in its appearance, 
by altering the glaffes of the telefcope? or how 
would this explain its being feen in a well? It 
appears to me to arife from this circumftance* : 
fuppofing a ray of light, when emanated from a 
luminous body, by refle&ion lofes one: third, 
every fucceffive refle@ion the lof increafes in a 
certain feries; in the fecond reflétion, let it be 
granted it lofes one half, the third three fourths, 


* That by every fucceflive reflection of light a greater pro- 
portionate quantity is loft, according to the number of re- 
flections, I am more convinced, from repeating fome experi- 
ments of Buffon on reflecting mirrors; the exact decreafe I have 
not yet afcertained: by inclining fix mirrorg, fo that the reflec- 
tion from the firft fhall fall on the fecond, this on the third, &e. 
the image of a lighted candle became fo faint, as hardly to be 
diftinguithed ; this method will afford us fome ratio between the 


intenfity of light diffwfed over the room, and the intenfity on 
the firft mirror, : 


a“ 


&c, 
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&c. if we fuppofe the light diffufed over the he- 
mifphere lofes one third by being refleéted to 
us; yet in that fate is equal in intenfity to the 
light emitted from the ftars; the fecond refle€tion 
of the fky is only the firft of the ftars; fo that we 
fhall find the decreafe of the former is more ra- 
pid than in that of the latter; thus + of = te 
will exprefs the ftate of light after the fecond re- 
fleGtion; while 2 — 4 = 4 the quantity of light 
in a ftar after the firft refleGtion, which being one 
ninth greater, is confequently vifible. 


That Impreffions on the Fibrille do net 
_ceafe the Infiant the Object 1s removed. 


. Sir Ifaac Newton fuppofed an impreffion might 
laft about a fecond;’the Bifhop of Llandaff, by 
a more accurate experiment, afcertained it to be 
- of a minute; thus, when a lighted body ts 
turned round, it appears like one continued lu- 
minous circle; the fucceffive impreffions take 
place before the preceding ones expire, and 
produce an idea of continuity. . A remarkable 
example, illuftrative of this, occurred in a watch- 
maker in Patis; when I refided there he lived in 
the Quai des Auguftins; he had a remarkable vi- 
bratory motion of the globe of the right eye in 
an uniform continued ation. Monf. Andravi, 
who had attended nln, told me that, as near as 

he 
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he could obferve, a vibration correfponded to an 
arterial pulfation, and yet the minuteft part of his 
bufinefs he could fee without the leaft interruption; 
indeed, that eye he perceived ftronger than the 


other, although Borellus fays the left eye is always 


the ftron per. 
) 


How the Impreffions are diftingutfhed. 


From what has been already obferved, it is 
almoft impoffible that a ray of light fhall emerge 
from a body in every refpe& in fimilar circum. 
{tances, with the fame degree of inclination, fo 
that the refulting momenta {hall exactly corref- 
pond; the fame body will imprefs each eye in 
precifely the fame manner; when thefe impref, 
fions have been frequently repeated, the mind 
_recolleéts the fimilarity of the impulfe, and affixes’ 
that name which has been in general affumed. 
Some have conjeétured, whether impreffions from 
fimilar objeéts on different men vary or not? It 
would produce no confufion, as the fame name is 
generally adopted, If we fuppofe a {carlet pro= 
duces an impreffion on one perfon’s eye equal to 
two, while a blue fhall only be egual to one, 
whenever he has the impreffion two, he affociates 
the idea of fearlet, &c. Suppofing this was re- 
verfed in another perfon, fcarlet would then be 
aflociated with an impreffion equal to one. 

; Although 
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Although the vibrations in different perfons’ op- 
tic fibrilla may not be ifochronous, yet, with re- 
- fpe& to themfelves, they feem to preferve the 
fame proportion, as all agree that the impreflion 
from fcarlet is more vivid than from blue, 


How we fee Objects fingle. 

1t would appear, that as the fame obje& is re- 
prefented twice to the mind, by being tranfmitted 
through two eyes, that we ought to fee double. 
Asthe fibrille of each retina are in the fame har- 
monious unifon, impreffed by fimilar rays, the 
_ a€tions induced muft correfpond ; when this har~ 
mony is deftroyed by difeafe or drunkennefs, ob- 
jes will neceffarily appear double. Dr. Hep- : 
burn tells us, that the late Rev. Mr. Forfter hav- | 
ing been blind for fome years with a gutta ferena, 
was reflored to fight by falivation; upon his firlt 
beginning to fee, all objefts appeared to him 
double, and the two appearances approaching by 
degrees till they united *. By means of two eyes | 
we are enabled to take in a larger range, and fee ~ 
objeéts more diftin€ily. 

It does not appear neceflary that precifely the 
fame-fituated fibrille fhall be toate by light 


sd < his is no ways contrary to the obfervations of Chefelden 
on the young gentleman he couched, as he was relieved of only 
ene eye at once, 
. from 
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from the fame point of an objet, as in cafes of 
{quinting, where the axes of the eyes are not di- 
reéted to the fame obje&, yet the obje& only ap- 
pears fingle; this difeafe does not arife from any 
peculiar fenfibility in any particular part of the 
retina, but a vicious habit contracted by a child, 
when fo improperly placed as to fee either the 
‘light, or any other remarkable obje&, with one 
eye only *. 


FALLACIES OF VISION. 


From the ignorance of the ancients refpe€ting 
the nature of colours, it is no wonder they fhould 
attribute thofe colours that are feen in the tail of 
a peacock, and which change with the pofition, to a 
fpecies of deception, or, as Seneca calls it, falfe 
colours (Nat. Queft. lib. 1. cap. 7.); while fome 
fuppofed colour was the fuperficies of the body; 
Others, as Plato, imagined it was a flame iffuing 
from it. It was the great Des Cartes who 
firft fuggefted colours were only modifications of 
light; and had he not been biaffed by his favourite 
Vortices, he would have been the Newton of the 
age; fince the prif{matic decompofition of the 
rays af light, and the obfervations of Newton 


* See Buffon and De la Hire on Squinting. 
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on the reflections, refraétions, and colours «¢ | 
thin tran{parent bodies, why they change with the: | 
obliquity of the eye, requires no farther demon- | 


{tration. | 
The crooked appearance of an oar in water has} 
been adduced as another evidence of the fallacy} 
of vifion; here is no deception; the rays of light: 
are actually bent, becaufe they are paffing out of’ 
one medium into another, and thus imprefs the | 
eye in a refraéted flate; it is rather furprifing. 
that fuch fhould have been adduced by the an-} 
cients, as they were acquainted with the moft im- | 
portant properties of light. 
So objeéts magnified in a fog are not, as Berk- | 
ley fuppofes, owing to their being fainter, and | 
confequently imagined larger; if two fimilar. | 
fized objects fhould be placed fo as to be viewed 
through a fog, and the one reflected as much 
light again as the other, according to this theory, 
ought not to appear fo large; this effeét we do 
not find: all objeéts appear not only fainter, but 
alfo larger, from the rays of light being refraéted | 
through the mifty medium, and confequently dif 
fufed over a larger fpace; fo that not only fewer 
rays enter into the eye, but thofe which do enter 
are more diverging, the angle is larger, and. the 
object muft neceffarily appear fo. : 
Every one muft have obferved that-a fly paffings 
very near the eye has raifed the idea of a large bird, | 
2 : owing | 


. ee 
owing to the eye not then being prepared to fee 
fo near a fituated obje&; the light is’ diflipated 
over a greater number of fibrils in that uncon- 
verged manner .as to produce a confufed idea of 
a larger animal. : . 
When. we fee a man ata ohm ee ui 
tance, he ought:to appear to us only half the fize — 
as when at fifty, yet: we obferve no difference ; 
a child. of three or four years of age feeing a 
man a hundred yards off, takes him for a boy; 
fo we, when placed in a fituation we have not 
been accultomed to, as at the top of a high build- 
ing, or the monument, or if looking upwards at 
the dragon on Bow fteeple, or at the elevated 
dome of a building, thefe fufficiently fhew that 
there is no fallacy in the optic powers ; the num- 
ber of fibrilla that are impreffed by the fame ob- 
ject is in the ratio of ‘its diftance, When we 
have been accuftomed to contemplate an object 
at the diftance of perfe&t vifion, we affociate this 
appearance to the fame object feen more remote. 
It is owing to this that a perfon, when viewing 
through a telefcope a man at one hundred yards 
diftance, and being told it magnifies one hundred 
times, is furprifed that the man fhould not appear 
one hundred times enlarged; not being aware that 
his idea of the man is only the ‘affociation from 
the appearance of him at the diftance of twenty- 
four inches, or perfe& vifion; the telefcope only 
enlarges the real angle the man fubtends, fo that 
) O 2 he 
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he would appear no larger than if placed at the 
diftance of one yard. 

Berkley, in the farther fupport of his fyftem, 
fays, images excite the fame ideag as real objeéts 
do; the reprefentation of a perfon in a glafs, a 
pidure: if I am looking at myfelf in a common 
looking-glafs, I always obferve my own face as 
far beyond the glafs as I am anterior to it. By 
tracing the rays of light which are thrown from the 
face on the mirror, this miuft appear evident; the 
rays which are thrown on the quick-filvered fur- 
face of the glafs are reflected to us in equal angles ; 
the ftate of the fpreading rays on the glafs mark 
the diftance of the obje& from the glafs, and 
which being added to the diftance between the 
eye and the glafs, will be the diftance it appears 
to us; as confequently the rays on the furface of 
the glafs are juft as diverging as the rays proceed= 

ing from an object placed at the fame diftance be-. 
bind the glafs, 


THE MOTION OF A BODY. 


Malebranche, who has endeavoured to prove 
the fallacioufnefs of all our fenfes, after attempt. 
ing to fhew that there can be no dependance on 
our ideas of diftance; from this he demonttrates 
the errors of our fight with refpe& to motion; 
certainly he is fo far correct, that bodies moving 

with 
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with equal velocities, their celerities will appear 
to us in the ratio of their diftances. Motion 
produces fucceffive impreffion on fucceffive fi- 
brill; to talk of abfolute motion and abfolute 
magnitude is abfurd; we can only compare the 
ftate of one body with that of another, and there- 
fore all our ideas muft be relative; as with mag-~ 
nitude we fhewed that our powers were neceflarily 
limited, fo alfo is it with motion: there may be 
fuch imperceptible to us, yet to fome infeGs 
may be as rapid as a comet in its perihelion. 
What may be the limits of the leaft and greateft 
vifible motions, might be a fubje€& of curious 
inquiry; we know impreffions continue nearly a 
fecond of time; we know, alfo, that a circular 
card, on which are painted the prifmatic colours, 
being brifkly turned round, appears white, and we 
may eafily conceive that a body may move with 
fuch rapidity as not to be vifible; that its motion 
may be fo great as to entirely change the direc- 
tion of the rays of light, by imparting to them its 
_ centrifugal power. | 
We find all external things * which are the ob- 
jeQs 


_* Could it have ever been fuppofed that men, after many 
years exercife of the fenfe of feeing, fhould have never experi- 
enced that objets vary in their apparent or vifual magnitude, 
according as they are diftanced, yet fuch has been maintained 
by philofophers in no refpe€&t contemptible ; thus Lucretius tell 
us Epicurus fancied the moon was no larger than what it feems.. 

/ Lunaque 
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jets of the fenfe of vifion are fuch in confe- 
quence of the light thrown off their furfaces 
producing certain attions within the eye; that 
‘there ‘are fuch extent of powers as anfwer the 
purpofes of our creation; although we cannot fee 
thofe minute particles which are vifible to micro- 
fcopic infeis, we poffefs what they do not, a 
more extenfive range’ of vifion; thus each is ad- 
mirably ealculated for the {phere he is to move 
in: fuppofing we were endowed with fuch pow- 
ers of fight as to penetrate into the innermoft re- 
ceffes af matter; that we ‘could fee the conftitu- 
ént particles of bodies, and the interftices formed 
by their mechanical arrangement; or, with Dr. 
Highmore, behold the-magnetical effluvia dancing 
like fmoke in circumgyrations round their re- 
fpeGive-poles, fhould we be fo happy as we are? 
Could we:then contemplate with fatisfa€tion the 
furfaces of thofe bodies which now afford us fo 


Lunaque five Notho fertur loco himine luftrang, 

Sive fuam proprio jactat de eorpore lucem, 

Quicquid id eft nihilo fertur majore figura, 

Quam nofiris oculis quam cernimus effe videtur. 

Epicurus himfelf mentions fuch an opinion in his Epiftle te 
Pythocles.—V. Diogenes Lucretius, lib. 10. 
So Mr. Hobbs, in his Philofophical Elements, direCtly fays 
the fun and moon are precifely of the fame fize they appear to 
us: he fays, “if diftance took away any of the magnitude of 
« thefe luminaries, they could not be feen: fo diftinly.” ‘Tt is 
rather furprifing that Mr..Hobbs, who was certainly a good 
mathematician, fhould have made fach a miftake, ns 
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much pleafure? ‘Would our eye.wander giddily 
along thofe animated fpheres on which it. now de- 
lights to dwell, not knowing where to flop? No; 
to us they would be no longer beauties ; they 
would appear like the gigantic inhabitants of Brob- 
dinag to Gulliver; the delicate fmoothnefs would 
fink into a loricated appearance, and inftead of a 
Venus de Medicis we fhould have an alligator; 
the beauty of motion as well as. of figure would 
be deftroyed; what we now admire, a bird gli- 
ding gently through the air, the beauty would be 
loft in the rapidity of its flight; and inftead of 
the pleafure of contemplating a {mooth running 
ftream, we fhould.behold a catara& of N lagara. 

. From what has been obferved, I hope it will 
-appear that the fenfe of fecing is in no refpeéts . 
fallacious; that diftance, magnitude, figure, mo- 
tion, and colour, are regularly and properly com- 
municated to the mind through the medium of the 
eye; that when we do err, it is an error of the 
judgment, and not of the fenfe. Theother fenfes 
I fhall only curforily examine, and afterwards 
I hall prefume to make fome general deduétions. 


SENSE OF HEARING. 


_ In the eye the rays of light immediately im- 

prefs the nervous organ; in the ear the claftic 

tremors of the air are never in conta& with the 
| auditory 
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auditory nerve. Notwithflanding this difference 
in the communication, we fhall have reafon to 
obferve a beautiful harmony fubfifting between 
the two fenfes. 

Whenever the air is a€ted on by the tremulous 
motion of an elaftic body, fuch an effeé 1s in- 
duced, that when ultimately communicated to 
the auditory organ the idea of found is excited. 

That fuch depends on the air is evident from 
the common experiment of attempting ‘to pro- 
duce found in an exhaufted receiver, and as the 
air is condenfed the found is increafed. _ : 

Varennius tells us that Fredlicus, when at the 
top of the Carpathian mountains in Hungary, 
fired a mufquet, and which feemed to him like 
‘breaking a little flick, the air being fo rare at 
that height *. 

Notwithftanding thefe circumftances, fome have 
fuppofed that found is produced by the impulfe 
of an etherial nature; for Lord Verulam had 
retnarked, that the greateft found did not agitate 
any flame placed near it, whilft it were affected 
by the gentleft breeze Tt. GERE $ 

We 


* Dr. Halley alfo tells us, that a perfon in a diving bell, at 

a great depth, where the air would be condenfed as many at- 
mofpheres as they were {paces of go feet each deep, in attempt- 
ing to blow a horn, violently ftunned himfelf and his compa- 
Hiions. , | | 
+ If we fcratch one end of a long piece of timber with a pin, 

| : the. 
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_ We ought to obferve that found is no ways a 
fimilar motion to that of wind, the former being 
only the action and re-aétion of the aérial parti- 
cles, without any change of place; while a wind 
is a motion of the whole mafs of air. The na~ 

ture of found and wind may be well illuftrated 
by water; when we produce that melodious tone 
by rubbing the tip of the finger with a gentle and 
equable motion along the rim of a half-filled” 
drinking glafs, we find the furface of the contained 
water thrown into a beautiful curdly appearance, 
and feems to move round with the rapidity equal 
to the finger; that there is no fuch rotatory mo- 
tion we may eafily evince, by placing a piece of 
paper on the furface which has no fuch motion; 
here the particles of the water are ating and re- 
aGting on each other, and fometimes with fuch 
violence as to fly out of the veffel, particularly 
if the water is hot; while a wind is more confo- 


the actien is communicated very diftinétly to the other end; it 
has been fuppofed fuch could not be induced by the aétion and 
re-action of all the particles of the wood, as the effect would 
be greater than the caufe; hence it has been conjectured that an 
ztherial principle is difleminated through the interftices, and 
this is thrown into action. As we well know that a large glafs 
receiver, by the {flighteft tremor, will change its fpherical form, 
and become fpheroidal, fuch a change could not be effected 
without the particles of the glafs each undergoing their refpec- 
tive,aCction. 
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nant to waves where a mafs of water is moved *, 
Galileo, the firft who obferved a fenfible differ- 
ence between the velocities of light and found, 
eftimated that found moved about 400 yards in a 
fecond. Dr. Derham, by firing cannon on Black- 
heath, more accurately determined it to be 1142 
feetinamomentt. | 

The more perfeétly elaftic a body is which is 
ftrack, the more equally it fucceflively impreffes 
the air, and produces the moft mufical tones; 
thus glafs, the moft perfe€lly elaftic of any body, 
produces the moft perfe& tones. 

Lhe number of vibrations in a certain time 
mark the difference of tones. Sauveur, by fome 
ingenious experiments on organ pipes of different 
lengths, has fhewn to the prodution of fome 
tones there will be 51,200 vibrations in a fecond. 


A body 


* When a ftone is thrown into water, we perceive many cir- 
cular waves are produced, all having the part where the ftone 
entered as the common centre ; if near to this centre the water 
receives another impulfe at the fame time, the circles which are 
formed freely and uninterrupted interfect the other circles; 
thefe are not waves, not a motion of any mafs of water, only 
the aétion and re-ation of the particles acting from a centre ; 
as the circles fpread, the power is more diffufed, till ultimately 
not being able to overcome the vis inertize of the water, the 
apparent motion ceafes. 


+ The fwiftert wind only moves go feet in the fame fpace of 
time. 


+ A flring giving the deepeft mufical tones which the ear can 
diftinguith 
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A body when ftruck never produces a folitary 
fingle found; there are certain fecondary and 
fubordinate vibrations attendant on the primary : 
when a fire fhovel falls many founds are pro- 
duced, but the parts which produced them hav- 
ing no sr aga proportion to one another, there 
arifes a jarring diffonance; fo the note of {wine 
is made up of many others, as if proceeding from 
a faggot of pipes out of tune. 

When feveral founds are arranged in fideel- 
fion to one another in a manner agreeable to the 
ear, it is called melody. 

The art of pleafing that organ by the union of 
feveral founds, which are heard at one and the 
fame time, is termed harmony. 

A chord, compofed of founds whofe union or 
coalefcence pleafes the ear, is called a confonance, 
and the founds are faid to confonant one to the 
other; thus half a chord is the moft perfect con- 
fonance to the whole, and called an o€ave; 
two thirds is the next confonance, and is called a 
fifth, and then a third, é&c. When founds pro- 
duced at the fame time, each of them heard by 
itfelf, being no ways coalefcent to the ear, are 


diftinguith vibrates 122 times in a fecond; a fecond ftring 12 
6étaves higher: the moft acute the ear could diftinguith will vi- 
brate 51,200 times in a fecond, which is found by repeating the 
fatio of 2; 1 twelve times = 192 X 2 XxX 2K 2X2 xX 2X 


2K2x2xK2xXKX2HK2 x 2. 
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termed diffonances ; thus the second and the fe- 
venth notes. 
The ancients meafured founds by numbers, 
and accounted for confonances as an effe@ of 
proportion *, Galileo was the firft who attempted 


to account mechanically for the pleafure we re- 
ceive from mufical founds, by comparing the 
vibrations of a mufical ftring with thofe of a pen- 
dulum. 

Two pendulums of the fame length vibrate in 
aie times ; whatever their arches may be, they 
will be diol Moana. a pendulum four yards long 
will vibrate as flow again as a pendulum a yard 
Jong ; hence the vibrations are as the {quare roots 
of ho lengths. A mufical ftring being faftened 
at both ends, is to be regarded as a double pen- 
dulum; hence not neceflary to quadruple. the 
length, in order to make the time of a vibration. 
twice as great, it will be fufficient to double it. | 

Thus if we have pendulums of lengths cor- 
re{ponding to the fubdivifions of a monochord, 
the vifual confonance in their vibrations will tell 
us where the auricular one is alfo, 


ee. 


* Pythagoras would not admit of a twelfth to be a concord, 
becaufe its ratio 3 : 8 neither multiple nor fuperparticular, 
“< Potiores rationes ue confonantiis aflignabant,” fays 
Dr. Wallis, 

Multiple fuperparticular proportion j is when one number or 
quantity contains another more than once, and fuch an aliquot 
part as will exactly meafure it without any ‘remainder, 
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Befides this coincidence, the monochord, by | 
being divided into certain portions, where the 
moft diftin& tones are produced, are, in their 
lengths, in the fame proportion to each other as 
the divifion of the rays of light into the different 
colours. 

As the mind judges of vifual obje&s by the 
different impreffions of light on the optic fibrillz, 
fo it judges of various founds by the varied im- 
preffions on the auditory nerves*; as, in the one 
cafe, by experience it determines the vifual pro- 
perties of bodies, fo likewife it fimilarly afcer- 
tains the nature of the founding body when ac- 
cuftomed to its impreffions. 

Although there is fuch an agreement between 
thefe fenfes, neceffarily arifing from the harmo- 
nious arrangement of our fy{tem, yet they are to 
be regarded as fenfes diftin&. and independent; 
although they appertain to one and the fame foul, 
they are to be regarded as the different chords 
appertaining to one and the fame inftrument. 
Future obfervations may evince greater coinci~ 
dence, may fhew a ftill greater alliance; they 
may approximate like two certain mathematical 


lines which can never unite T. 
ON 


~ 


al 


* On compte neuf cens foixante trois mille deux cens tons 
différens trés diftin@s a Yoreille & qui peuvent encore. étre 
yari¢s quant a la force, Sauveur Acad. Scien. 


$ Thefe are lines which may be drawn nearer and nearer the 
curves 
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ON THE SENSE OF FEELING, 


Thofe parts of our bodies which are more pe+ 
culiarly calculated for the fenfe of feeling are 
endued with a certain arrangement of nervous 
papilla ; we obferve them peculiarly feated in the 
large winding ridges at the ends of the fingers, 
regularly difpofed in fpiral folds; thefe, by the 
attention of the mind, are raifed and ere€ted, 
and confequently more enabled to embrace a 
greater number of parts of external objeéts. 

As thefe nerves are fimilarly arranged, it may 
appear difficult to conceive how we are enabled 
to diflinguifh fuch a number of different bodies 
by the touch*. Suppofing an impreffion was 

, confined 


¢urve, and yet if infinitely continued they will never meet, and 
are then faid to be afymptotcs of the curve; fo alfo two curves 
may be afymptotical. This is eafily explained by means of a 
curve, called, by its inventor Nicomedes, concboid, from its re- 
femblance to the curvature of a fhell; right lines drawn from 
the pole to the curve are equal; if a line be fo drawn as to cut 
all thefe lines, and the interfeCted portions are equal, then fuch 
aline will be an afymptote to the curve: as the lines drawn to. 
the pole increafe in their inclination to this afymptote, there 
‘will hence be a continual approximation to the curve. 


* Il ne m’a pas été poflible de concevoir, que des fibres par- 
faitement femblables, puflent futhre a recevoir et 4 tranfmettre 
fans confuffon tant dimpreflions-diverfes. I) m’a femblé, que 

chaque 
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confined to a fingle nerve, the varieties would be 
diftinguifhed by force, and confequently very li- 
mited; if we carry our fuppofition farther, and 
fay, that from a centre ten or twelve nerves may 
branch from it, if a body prefles upon any two 
of thefe nerves, as, for inftance, on the firft and 
fecond nerve, a certain fenfation would be ins 
duced; if on the firft and third, a different fen- 
fation would arife, in confequence of the impref- 
fed nerves varying in their inclinations to each 
other, or the angles they form, and the refulting 
force varying alfo, fo that even intwelve branches, 
by fuppofing two nerves only impreffed at a 
time*, there would be’ 80 different impreffions 
nearly. If a body preffes upon two nerves with 
a certain force, the nearer thofe nerves are to 
each other, the more ftrong the impreffion will 
be felt; the more diverging the nerves, the weaker 
the impreflion mtuft be . 


chaque fibre fenfible feroit ainfi dans le cas d’un corps pouffé 3 
la fois par plufieurs forces, qui agiroient en fens différens: ce 
corps recevroit un mouvement compofé, qui feroit le produit de 
ees forces, et qui ne repréfenteroit aucune de ces forces en parti~ 
culier. Bonnet Palingen. 
*i2bitbiot+g+84+74+645444+9+2+1— 78, 
+ If they thould be inclined to each other in an angle of 60 
degrees, one eighth of their force will be loft; thus every de- 
gree, more or lefs, there would be a variety: this is eafily afcer- 
tained on the doétrine of the compotition of forces; it is only 
compleating a parallelogram by two other fides equal in length 


and parallel to the two nerves, and the diagonal line will exprefa 
their united force, 


Such 
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Such a fuppofition will explain why we can dif= 
tinguifh fuch an aftonifhing variety of impref- 
fions, and particularly when we confider the al- 
moft infinite number of nerves difperfed over 
our bodies *. 

It has already been remarked, that the variety. 
of the pofitions of the nerves may explain the 
variety of fenfations of touch; when our fingers 
are applied to an objeét, there is a fenfation of 
refiftance induced; if we apply one finger, we 
know fomething muft exift which produces this re 
fiftance; the extent of this fomething cannot be 
afcertained but by embracing the extreme parts 
at one and the fame time: as we are accuftomed 
to view the fame body we feel, we foon find a 
difficulty to diffolve an union fo early begun, and 
confirmed by folong a habit; when we fee a body 
we have frequently felt, we immediately affociate 
the tangible ideas with the vifible; the hardnefs, 
foftnefs, roughnefs and fmoothnefs, moifture and 
drynefs, are fo frequently combined with our 
ideas of magnitude, diftance, figure, motion, 


* Some circumftances which have occurred would induce us to 
fuppofe that other parts of the body might acquire an increafe 
of fenfibility, fo as to refemble the power of feeling in the papil- 
la; as fome ingenious men have been born without handsor feet, 
and yet capable of many exertions where we fhould think thefe 
limbs were abfolutely neceflary. In the Leverian Mufeum, that 
Repofitory of Science, there are the ten commandments finely 
written by a perfon thus deprived of both, 


and 
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and colour of an objec, ideas fo fimultaneoutly 
formed, that we are apt to fuppofe that in thefe 
two fenfes there is a neceffary dependance on 
each other*. To the farther fupport of fuch a 
fuppofition, it has been afferted that blind men 
have been enabled to diftinguifh colour by the 
feel. ‘Surely it could not be imagined that the 
cutaneous papillae were fufceptible of influence 
from light. That there are perfons who can dif- 
tinguifh colours by the touch I not only believe, 
but one inftance I am well informed of; this was 
only in dyed fubftances, where there is an evi- 
dent difference to the touch; let any perfon feel 
a white filk gown, and a black filk one after, with 
“his eyes fhut, and he will perceive a confiderable 
difference, from the alteration of the one having 
undergone in dying. Surely we would not cre- 


dit that the oe divided by a prifm, and thrown 


* Sir Jofhua Reynolds has very elegantly defcribed that con- 
fonance which fubfifts between the fenfations of feeing and hear- 
ing. “ The diftin@ blue, red, and yellow colours which are 
« feen in the draperies of the Roman and Florentine paintings, 
« though they have not that kind of harmony which is produced 
* by a variety of broken and tran{parent colours, have that ef= 
«© fect of grandeur which was intended. Perhaps thefe diftinct 
colours ftrike the mind more forcibly, from there not being 
“* any great union between them, as martial mufic, which is 
““ intended to rouze the noble paflions, has its effe& from the 
<¢ fudden and ftrongly-marked tranfitions from one note to ano- 
ther, which that fyle of mufic requires; whilft that which 
« is intended to move the fofter paffions, the notes impercepti- 
“ bly melt into one another.” 
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fucceflively on a man’s hand, that he would be 
_able to difcriminate the different colours. | 
A blind man can have no idea of colours, nor 
a deaf man of found: aman born blind experi- | 
tances not the deficiency of intelle@ as the one 
born deaf does. In the former we know the 
mind has been capable of the greateft exertion. 
All muft have heard of Saunderfon, the late Geo- 
metrical Profeflor at Cambridge, and thofe pro- 
digies of learning who now exift, a Moyfe anda 
Goff. With the deaf man all converfe is de- 
{troyed; not having heard founds, he could not 
imitate them; he would never be able to exercife 
the powers of {peech, and the acquirement of a 
few ideas would engage a length of time. When 
thefe fenfes are enjoyed till the meridian of life, 
then the deprivation of fight feems a greater in- 
convenience, although there is apparently a 
greater depreffion of fpirits in the deaf man, arifing © 
from feeing all in fuch actions he cannot enter 
into; this, comparatively fpeaking, is a momen- 
tary inconvenience; when retired within himfelf, 
when man becomes a man, all the fenfes he needs 
he has. He who is deprived of fight is, as it 
were, confined within the tomb of his own body; 
deprived of that extenfive range he formerly en- 
joyed, his foul feems fettered and chained, no 
longer able to wing his flight, “to foar with Plato 
‘‘ to the empyreal fphere,” his optic avenues be- 
2 areas | ing 
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‘ing for ever clofed, his better part is thus for 
ever imprifoned *, 

The arguments I have prefumed to ae to 
explain the fenfe of feeling, I fhould fuppofe are 
equally applicable to the fenfe of tafting and 
{melling; I am not pretending to any phyfiologi- 
Cal inveftigation of the fenfes; I am making only 
-fuch enquiries as to endeavour to prove that our 
fenfes are faithful in the part they are to perform, 
are as extenfive in their powers as our exiftence 
requires, and are more conducive to our happi- 
nefs than any other form we could fuggett. 

By thus examining each fenfe, we find their 
fenfations are diftinct, and our ideas formed by 
their comparifons muft neceflarily be fo; if a man 
is blind, he can have no idea of colourst; if deaf, 
no notion of found; if devoid of fmelling, ig- 
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: why was the fight 
To fuch a tender ball as th’ eye eonfin’d, Y 
So obvious and fo eafy to be quench’d? | 
And not, as feeling, through all parts diffus’d, 
‘That the might look at will through ev’ry pore; 
Then had I not been thus exil’d from light, 
As in the land of darknefs yet in light, 
To live a life half dead, a living death, 
And bury’d; but O yet more miferable ! 

ae my fepulchre, a moving grave. 

Samfon Agoniftes, 


+ Weare told of a blind man, from the defcription he had 
received of the colour of fcarlet, faid it muft refemble the found 
_of a trumpet. 
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norant of odorous fubftances*; thus, if deftitute 
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of all his fenfes, he would be like the nobleman. 
of Laufanne t, in aflate of perfe& deliquium. 
When the nervous fibrils are impreffed by ex- 
ternal caufes, how is fuch an impreffion commu- 
nicated to the mind? Here indeed we are in- 
volved in impenetrable darknefs, in a perfe& ftate 
of obfcuration; the variety of conjectures {till 
farther thicken the cloud which thus envelopes our 
mind. We fee that animated matter poffefles pow- 
ers different from inanimate: we fee that it poffefles 
powers of growing from within, while common 
matter only increafes by the cafual aggregation of 


* Monf. Prevoft, of Geneva, has endeavoured to render the 
emanations of odorant fubftances perceptible to the fight; when 
a fragment of camphor is placed on water, it is immediately 
moved by a fwift rotatory motion. Romieu had previoufly 
made‘this obfervation, and attributed it to the difengage- 
ment of electricity: thefe odorant fubfances evaporate ga 
or 40 times more quick in water than in the open air. May not 
the volatile effluvia being fo quickly evolved, by meeting with 
fome refiftance from the furrounding medium, produce this ro-~ 
tatory motion ? | . 


+ Monf, Croaz mentions this cafe in the Academy of Science: 
a nobleman of Laufanne, in giving orders to a fervant, fud- 
denly loft his fpeech and all his fenfes; he remained in this 
fenfele{s ftate fix months, and when he recovered she afked his 
fervant if he had executed his commiilion, not being fenfible 
that any interval of time had elapfed during his illnefs, - Van 
Swieten relates the fame in his Commentaries on Boerhaave’s 
Aphorifms; and Mts. Bellamy, in her Memoirs, mentions a 
fimilar cafe of a lady remaining for a weck in a {tate of this 
kind, | 

poh particles 
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particles exteriorly.. What this difference is we 
know not; nor, upon the leaft reflection, could 
{uch a knowledge be fuppofed poflible, To com- 
prehend any principle, requires firft a Tuperiority ; 
if this be granted, how~-can one principle com- 
prehend itfelf? A piece of iron may as well per- 
ceive its own arrangement, as the foul the nature 
of its own conftitution; fuch appears to me an 
incontrovertible argument of the exiftence of 
both: thus if I prefume to fay I comprehend the 
fluxions of Newton, and the refidual analyfis of 
a Landen, may I not venture to conclude that 
fuch a comprehenfion implies a fuperiority of the 
mind to fuch purfuits? and fucha comprehenfion 
muft neceffarily demonftrate a principle under- 
itanding, and a principle underftood. | 

The ancients *, very fenfible of the difficulty 
of explaining the a€tion of matter on {pirit, fan- 
cied there muft be fomething of a fubtile nature, 
forming a line of diftinQion; they fuppofed the 
nervous fibres are fine tubes, replete with an 
getherial vapour; the rou WvEVU aT EP of Hippocrates; 
this they called animal fpirits; while fome have 
fuppofed them of an explofive nature+, others 


* From many parts of Cicero, it has been fuppofed he ima- 
gined the foul material, yet, after many fuppofitions, he con- 
fefles his ignorance. “ Anima {fit animus, ignifve, nefcio; 
““ nec me pudet ut iftos, fateri nefvive quod nefciam. Illud, 
** fi ulla alia de re obfcura affirmare poffum, five anima, five 
* ignis fit animus, eum jurarem eff diyinum,” Tufc. 


+ Dr. Willis. i a 
have 
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have fancied them of a faponaceous confiltence *, 
no fuch tubular appearance could ever be difco- 
vered. Dr. Briggs conjectured that the nerves 
were folid filaments, of prodigious tenuity, and 
when aéted on, vibrating in the ratio of their 
lengths and tenfions. Newton, prepoffeffed with 
an idea of ether, fuppofed that this pervades all 
bodies, and that the vibration of this medium 
may be propagated along the folid, pellucid, and 
uniform capillaments of the nerve. Upon this 
conje€ture Dr. Hartley has endeavoured to de- 
duce a very ample fyftem, concerning the facul- 
ties of the mind, from the doétrine of vibration, 
joined with that of aflociation. By vibrations 
Dr. Hartley does not mean a pendutous-like mo- 
tion of the whole chord, only an ofcillatory mo- 
tion of the fmall +, infinitefimal medullary parti- 
cles, fimilar to the a€tion and re-attion of the 
 aérial particles in the cafe of found. When an 
impreffion is made, vibrations in the ether re- 
fiding in the pores are excited; thus the impulfe 
affects both the nerves and the ether, fo that thefe 
mutual a€lions imprefs and increafe the denfity 
of the ether, which will agitate the nervous par- 
ticles with fynchronous vibrations; hence this 


* Dr. Monro, 


+ The particles which vibrate are of the inferior, and not 
the biggeft particles or which the operations of chemiftry and 
the colours of natural bodies depend. Prop. IV. vol. 4. 


zther 
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ether is to be regarded as regulating and fupport- 
ing the vibrations of the particles, Not_as exciting 
them originally. 

Thefe vibrations, he fays, are communicated 
to the brain like the ele€tric effluvia along hempen 
iiritigss 700 i 

However homogeneous and pellucid the ner- 
vous particles or infinitefimals may be, they can 
never tran{mit an uniform equalized motion; for 
tremors will decreafe from diffufion in the ratio 
of their receffion from the centre of ation. Why 
Dr. Hartley fhould thus have made ufe of an 
etherial principle that he himfelf confeffes he un- 
derftood not, I cannot comprehend; although 
he has no dire& evidence of its reality, yet he 
fancies he has the fupport of indire@ evidence ; 
and comparing it to the f{cience of algebra, that 
we may arrive at a true conclufion from’a falfe po- 
fition. Dr. Hartley ought to have been aware, that 
in an algebraical analyfis we muft have fome data; 
in vain could we proceed with precifion and cer- 
tainty, if what-are given to us are merely hypo- 
thefes ; in vain could we exprefs the nature of a 
curve, unlefs we knew the relation between an 
-abfcifs and its correfpondent ordinate, whether, 
with Des. Cartes*, we confider the geometrical 
‘mode, or, with Newton, the differential method, 


* Des Cartes was the firft who geometrically fhewed how to 
find the equation of a curve. 


' 


So 
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So alfo the fuppofition of a nervous meffenger 
being any thing of an cleétrical nature is equally 
objeftionable; the obfervations of a Galvani or 
a Valli do not tend in the leaft to elucidate the 
fubje@. Where are fuch aGtions ultimately to 
terminate *? To imprefs the mind they cannot ; 

« impreffion 


* Can we refift a fmile, when we perufe the fentiments of 
different phyfiologifts refpeting the feat of the foul. Hippo- 
crates fuppofed it was in the left ventricle of the heart. Tyauy 
yap 7 ve vySoure weguney ev Ty ABN zor. Such was 
alfo Aviftotle’s opinion, (v. Ariftot. de J uventute et Senectute,, 
c. 3.). Mr. Hobbs, although he refolved fenfe into te-action of 
matter, yet he here thought was the centre of action, (v. Elem, 
Phil. c. 25. art. 5.). Galen finding the ftomach a faithful por- 
ter, to watch that nothing fhould enter the conftitution which 
could any ways injure it, here fancied the foul was fituated ; 
the fame idea was afterwards entertained by the celebrated Van 
Helmont, in his Effay on the Seat of the Soul. Des Cartes, 
thinking the foul fhould be feated in a central point, and ob- 
ferving the pineal gland was the only fuch exifting in the brain, 

-sqas determined by this to make it the foul’s habitation ; here he 
fuppofed intelligence ts brought of all objeéts which affect the 
fenfes. | 

Bartholine, and Wharton the learned ‘author of Adenogra- 
phia, have ferioufly attempted to deprive the pineal gland, this 
conarion of Des Cartes, of this honour; they have obferved 
that it is too little to reprefent all the images; that the external 
nerves ‘do not here all unite, therefore could not receive the im- 
preflion of fenfible objects; and laftly, that 1t was fometimes 
ftony, and fituated in a place of excrements, and confequently 
foil the {pecies of things, and dirdy our ideas; hence they re- 
moved the foul to the fpinal marrow. | 

Henricus Regius, the pupil of Des Cartes, maintained that 

there 


ce 

_impteffion implies refiftance, and refiftance mat- 
ter. Is is not more reafonable to fuppofe that 
the mind is not confined to any particular part of 
the body, but diffufed through every Hbre f a 


‘Spiritus intus alit, totam que infufa per artus 
Mens agitat molem et magno fe corpore mifcet, 


Hence we hall be relieved of the difficulty of 
fuppofing any communicating medium; the part 
immediately impreffed is itfelf alive, and the por- 
tion of vitality entering into the organization of — 
the body is proportionably influenced as the body 
is impreffed. 

Some phyfiologifts have fuppofed that external 
objects may immediately influence the mind, with. 
out previoufly exciting any a€tion on the groffer 
part of our frame. To fuch a fuppofition there 
are many obje@ions; asin ocular {pectra, where 


there were in fome unknown part of the body a perfectly folid 
and {mall particle of matter, incorruptible from its hardnefs, 
on which the foul was perched, (v. Philof. Natural. 1. 4. c. 16.); 
fome have fuppofed the membranes enveloping the brain, 
others the Septum Lucidum, and Dr. More the fourth ventricle: 
more modern phyfiologifts have not confined the foul to any 
particular part of the brain, but have fuppofed it may be 
diffufed through a larger portion ; thus Newton calls it the fen- 
forium, which opinion Locke feems to fupport: from the great 
-fenfibility of the diaphragm, Buffon conjeCtures its refidence 
may be here; and Dr, Hartley fuppofes there may be an infini- 
tefimal elementary body intermediate between the foul and grofs 
body, but that the white medullary part of the brain is the 
feat of the foul. Scbol, to prop. §. lib. 1. 


R there 


ee 

there ai are a¢tion and re-aétion of the nervous fis 
brilla, to {uppofe fuch of the mind is rendering 
it material. Lord Kaimes fancies the mind, when 
excited, acts out of the body... 7 

It feems more ealy to luppofe that each organ 
of fenfe polleffes a percipient power *; that mat-_ 
ter, when fo arranged as to be in a ftate of orga- 
nization, a ftate into which it has been brought 
by the powers of life, may poffefs that medium 
of ney as more ae to tran{mit the 


- 
lo ft 


y * The learned 1 Bithop Butler, in his‘ Analogy of a Future 
Life, fays, that the matter of our bodies is as extraneous’ to 
purlelves as any external matter whatever ; ; that conttant flux, 
continvally defiroying the identity of the corporeal part, thews 
how it ‘may be alienated, and, ina daily courfe of facceffion, 
changing its owners, whilft the living agent remains one and 
the fame permanent body. 


“er 
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During my idle hours laft year. I arranged fome thounshts on 
the circulation of vitality; TI have erldeavoured to prove that ani- 
mated beings guid. not exift without. the. aid of matter poffetling 
life ; ; with every portion of matter we added to our fyftem, a 
_ portion of vitality was added alfo; that when the matter was 

remoyed, the vitality remained, and ‘the accumulated portions 
might in fome refpeéts account for the inereafe of living powers. 
Such a fuppofition neceflarily renders. the mind divifible ;_ but 
divifibility. is not of itfelf fufficient to conftitute matter; it is 
ealy to conceive {pace itfelf. divifible; nor: does fuch a fonpet 
tion in the leaft militate againtt the immortality of the foul.. 

Mind, foul, principle of life, or by whatever name may. be 
termed that part of animated beings: which is not material, I 
mean one and the fame, in this I alfo include the irritability of 
a, Ghiffon, the wis infita of a Haller, and the excitability of a 
Brown. 
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effe@of any impulfe, than that external objets 
fhould immediately imprefs the mind. 

To the f{ceptic, other proofs may be requifite ; 
Rill he will fay there is a probability: of the 
fenfes’ deceptions + let us endeavour to diminish 
fuch probability by mathematical reafoning: fup- 
pofing he is in fuch a ftate of doubt, that the 
evidences for and againft the veracity of his 
fenfes are equal; fuppofing an orange is pre- 
fented to me, I. fee it, I tafte it, I feel it, 1 
fmell it, and, when preffed, I hear the effect. 
Here then is a body that to each fenfe has the 
probability of exiftence; as the probabilities are 
equally againft them, 4 will exprefs the evidence 
in its favour with refpe& to fight; fo of hearing, 
and the other fenfes: this is the ftate of proba- 
bility when independant of each other; when 
they all concur in the fupport of each other, 


I I I I Bo ag Be 1 
then = X ek | OC goa aa that is, the 
probability of our fenfes being correét, is as 
32:1. | 


I, however, muft confefs that I do not much 
approve of the application of meafure and cal- 
culation to things which do not admit of itz ale 
though, in this refpe@t, I have the countenance 
of many celebrated writers, it appears to me 
like attempting to meafure human affeétions and 
the moral worth of a@ions by dire&t and inverfe 
ratios; or “ as an eminent mathematician at- 
‘ tempted to afcertain by calculation the ratio 

R 2 “in 
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in which the evidence of fa€ts muft decreafe in 
the courfe of time, and fixed the period when 
the evidence of the faéts on which Chriftia- 


nity is founded fhall become evanefcent, and 
when, in confequence, no faith fhall be found 


on the earth.’’ 


PROPERTIES | 


PROPERTIES OF MATTER. 


THE opinions of the moft ancient philofophers 
re{pefting the variety of matter, were, that it 
originated from certain formed particles. The 
Egyptians, from whom Pythagoras feems to have 
derived his knowledge, obferved that there weie 
only five regular folid figures, terminated by plane 
furfaces, which are all fimilar and equal; viz. 
the tetrahedron, the cube, the oftahedron, tle 
dodecahedron, and eicofihedron. It was fup. 
pofed that all elementary bodies muft have one o} 
other of thefe regular figures. This fyftem ap- 
pears to have been adopted by fucceffive mathe-_ 
maticians, till the Ariftotelian philofophy had 
fully eftablifhed itfelf. The Homzomeria* of 

Anoxagoras, 


* Homzomeria amounts to the faying, that each totality ir 
nature is compofed of parts which, before their union, were ale 
ready of the famie nature as the whole; thus a bone is a compos 
fition of fmall bones; a man an arrangement of little men; and 
a tyger an accumulated mais of cats. 

| Nunc’ 


(ygen**) 


Anoxagoras, the water- making principle of 
Thales*. or the fortuitous concourfe of atoms 


DI 


of Epicurus?, although they have had fome par- 
tizans, yet have not been fo generally fupported. 
Pythagoras, Eudoxus, and. Leon, ‘have geome- 
trically demonitrated the properties of thefe bo- 
dies; tbeir elements Euclid colleé&ted, and which 

conftitute 


unc et Anaxagore feCtemur Homzomeriam, 
Quam Greci memorant, nec noftra dicere lingua _ 
' Concedit nobis patrii fermonis egettas : 
Sed tamén ipfam rem facile eft’exponere verbis, 
~Principium: rerum, quam dicit Homzomeriam, » 
Offa videlicet ex pawallis atque minutis 
Offibu. 


-* Thales imagined water. was the principle out of which 
erery thing was formed ; this he fappofed from the apparent 
change of bodies, deftroyed by fire, being ‘converted into va- 
pour, and this ultimately refolved into water. This fappofition 
vas afterwards entertained by the celebrated echemift, Van Hel- 
nont, not only from the univerfality of its exiftence, but alfo 
from obferving ;@ fmall willow, of five pounds weight, ac- 
quiring an increafe of, i gi). in five Nak by the lofs of water 
only. 


.? 


ny The Picuade penn the primary particles were of : 
| different forms, as crooked, fquare;” oblong, and, indeed, of 
every thape; thefe, all in motion, and ftriving to come forwards, 
all defcending and traverfing the vacuum, fortuitoufly uniting, 
fome formed.a, heaven, fome a fun, others an earth, planets, 
and man... They tell us that the eyes of ‘mdn were not made 
with any defign of {eeing, but that he afterwards thought of 
ieeing becaufe he-had eyes, and thus with the other parts of the . 
body: ) 3 me 

Lumina 
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conftitute his fix firft books, as introduory to 
the eleventh and twelfth, and which’ are peculi- 
arly appropriated to the inveftigation of thefe re- 
gular folids. Thefe fyftems were all of a mo- 
mentary duration, compared to the fyftem of 
Ariftotle; with his four material elements, and 
occafionally a fifth, a celeftial quinteffence of 
which he made a heaven or a {pirit, he, -ealily 
formed an. univer{é; out of his ftores of primitive 
matter his ten categories: ‘he had fubfantial forms 
and occult qualities at will, to explain any phe- 
nomena; thus, by giving learned names to un- 

known caufes, he involved the whole in a fill 
greater obfcurity. Enquire of Arittotle what 
matter is, :he tells you, “ That it 2s what is neither 
§ which; nor how great, nor what, nor any thing 
** of what, being 1 15. determined by, ” (v. Phyfic. | la. 
Gy ult); J another place he fays, ** Matier is the 


“ fir snee of every thing, which eno fish ifting 


i amina ne as tein dace el ee 
~ Profpicere ut poffimus: ‘et ut proferre vidi, 
Proceros paffus, ideo faftigia pofle. 
Surarum ac feeminum pedibus fundata plicari -: 
Brachia tum poro validis ex apta lacertis 
Effe, mantifque datas utraque a parte miniftras, ,., 
Ut facere ad vitam poffimus, que foret ufus. 
; ; Lucretius. 
“This fyftem, a little more refined, bie ene adopted by the 
Archdeacon of Digne, the. celebrated, Gaflendus.  Epicurus 
fancied motion. would effegt. eyery thing, while Gafiendus re- 
quires a {pecial providence. 


“ therein, 
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therein, makes it a being by ibfelf, not by accident.” 
Plutarch tells us, that when Ariftotle publifhed 
his book of Acroamaticks, or Sele& Knowledge, 
that his illuftrious pupil, Alexander, was offended 
that he thus difclofed his philofophical fentiments 
to inftru& others as he had inftru€ted Alexander; 
he anfwered, they were written in fuch a ftyle as 
not to be comprehended by every capacity: in- 
deed it is too true. Who can underftand the 
jargon of the above definitions? yet for more 
than a thoufand years has this fyftem reigned: fo 
bigotted to it were the Ariftotelian difciples, that 
Bullialdus tells us a pleafant inftance of a Floren- 
tine phyfician who could not be prevailed upon 
to look through a telefcope, left he ‘fhould fee 
fomething contrary to the doétrines he imbibed. 
Ariftotle rejefted the more fimple doftrine of the 
indeftruétibility of matter, which was the prevail- 
ing opinion, but endeavoured to eftablith a fy ftem 
of generation and corruption; with his matter, 
form, and privation, he more eafily fuppofed a 


new creation than a different arrangement *. 
I prefume 


* Although it may be prefumed thus to criticife the Natural 
Philofophy of Ariftotle, in a colleftive view he muft be admired 
as a furprifing genius; although, with Averrboes, we may not 
fuppofe him the Limit of Human Nature, ‘his Effay on Logic, 
his Philofophical Obfervations, and Natural Hiftory, certainly 
merit our greateft attention. "When we reflect on Ariftotle, we | 
fhould carry our mind to the period when he lived ; we fhould 

think 
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I prefume not, in this little Effay, to examine 
the fyftem of thofe atomifts who refolved all 
things into the motions and modifications of mat- 
ter; or the harmony * of Pythagoras; or the doc- 


think of the little that was then known, from the difficulty of 
acquiring it. Although, with Laertius, we cannot conceive 
that he had written 4000 books, yet probably more than the 29 
that are tranfmitted to us, as Pliny fays he wrote 50 volumes on 
animals only; and Strabo tells us that Ariftotle left his works - 
to Theophraftus; that they were buried for a length of time 
under ground, and at laft were fold to one Apellicon, of Athens, 
Scylla, on his conqueft of this place, brought the works to 
Rome, and they were given to one Andronicus, of Rhodes, to : 
yevife: to fourteen of thefe books, which had no general title, 
Andronicus prefixed the words Ta Meta, Ta phyfica, that is, 
the books pofterior to the phyfics, meaning that they fhould be ftu- 
died next after the phyfics; this is faid to be the origin of the 
word metapbyfic. 

With refpect to the elements of Ariftotle, fuch had been fe- 
parately fuppofed the principle of all things. ‘Thales, as has 
already been obferved, fuppofed water; and his fucceffors of the 
Jonic {chool each endeavoured to overthrow what his predeceflor 
had adyanced; fo fome chofe air, a third fire, a fourth preferred 
earth, &c. | 


* Jn general, that any mufical chord may. become in unifon 
to a leffer chord of the fame kind, its tenfion muft be increafed 
in the fame proportion as the {quare of its length is greater; 
if, therefore, mufical chords extended from the fun to each pla- 
net, that all thefe chords might become unifon, it would be re- 
quifite to increafe or diminith their tenfions in the fame propor- 
tions as would be fuflicient te render the weight of the planets 
equal; from this fimilitude of proportions the doétrine of the 
harmony of the Spheres is derived. 

Plin. \. ii. c. 22, Macrob. in fomnium. 


S trine 
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trine of Plato*: neither do I mean to make any. 
enquiry into the variety of fyftems which only for 
a {hort time have prevailed between the Arifto= 
telian and Cartefian period. Till the fyftem of 
Des Cartes arofe, the principles of Ariftotle were 
inculcated in every {chool. Des Cartes fhewed 
how inadequate to the explanation of any phe- 
nomena were the fubftantial forms and occult 
qualities of this philofopher of Stagira; he re- 
jetted them all. LExtenfion, figure, and motion, 
were deemed by him fufficient to refolve the va- 
riety of appearances in the material world. “Om- 
nem materia variationem, five omnem- ejus for- 
“ marum diverfiiatem pendere ad. motu.’? —Prine. 
Philof. So fimple a fyftem, fo reverfe ta the 
abftrufe do€trines of the Ariftotelian fchool, was 
foon almoft generally adopted: the intricate la- 
byrinth to philofophy being removed, the path 
‘became Rtraight and eafy ; philofophy, thus difen- | 
cumbered of thorns and briars, became fo in-— 
viting in her native attire, as- to be embraced by 
royal females, 

Newton, and other philofophers, have fuppofed 
that Des Cartes has gone into the oppofite’ ex- 


* Plato ftrove to raife the thoughts of men above the objects 
of fenfe, and zealoully maintained the pre- eminence of active 
incorporeal and intelleétual beings; in his Timceus he takes 
notice of the infenfible particles of matter which can only be 
conceived by the mind and underfta anding, aicribing different 
figures to them, according to the atomjcal fyftem, 
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treme; they have thought that there are fucti 
powers as gravitation, attrattion, and repulft On, 
which cannot be explained on material principles. 
They fay that there is a Conatus accedendi €9 rece- 
_dendi in aggregate bodies, inexplicable by any 
known properties of matter, hence fuppofed to 
arife from fome inherent alive power. 

~ We are alfo fold by fome philofophers, that 
there are inherent in bodies certain powers, which 
are brought into a€tion when the bodies aré 
thrown into motion, a power Wolfius calls wis 
Ova. 2 

The author of the Effay on the Powers and 
Mechanifm of Nature, _fays, that when a body is” 
put into motion, a quantity of acceffary aétive fub— 
fiance is received from the agent which gave it 
motion; this being received, it parts with it again; 
it moves by the prefence of this fubflance, and 
when the body is ftopped, the active power pafles 
on, and enters the obftacle, | 

Ancient and modern philofophers have fup- 
pofed that there are fubile media, «therial princ- 
ples, imperceptible atmofpheres, hovering round 
every particle of matter; that thefe exift in every 
body exercifing the powers of attraction and re- 
pulfion; as it were, an enlivening agent diffufed 
throughout, an impulfive a@tion that continually 
impels. Other philofophers have extended their 
ideas farther; they have adopted the fentiments 
= the ancient Stoics, and of Spinoza; they have 

ce: e- fuppofed 
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fuppofed that there is a f{pirit of life, a fpark | 
divinity diffufed through the whole material fyf 


tem; that all the parts of the univerfe are vital | 
links, which, united in one chain, conftitute | 


Deity * itfelf. 


Thefe principles Dr. Clayton refolved into an | 


animation of matter; he fuppofed that there are 
certain fouls and fpirits refident in all natural bo- 
dies, and commiffioned to a& in the feveral de- 
partments of nature. : 

While, on the contrary, Dr. Prieftley thas fup- 
pofed that all the actions of intelleétual beings 
may be explained by the powers of the nine 
particles of matter, without the aid of a {piritual 
elence. 0 A pony. ne fays, “ exifts by its 


“ powers of attra€tion; overcome thefe powers, | 


‘and you overcome its penetrability, and with- 
* out fuch powers could no longer exifl: thefe 
“ powers give it energy, give it adtivity, that 
‘“ atoms, by their exility alone, rufh into intel- 
See ee ae endowing matter with fimple fen- 


fation, 


* Eft ne Dei fedes nifi terra & acr, 
Et celum & virtus? fuperos quid querimus ultra ! 
Jupiter eft quodcung; vides, quocung; moveris. 


\ Lucan Pharfahia, \ib. 9. 


4 


_ + Thofe who fancy matter may come to live, think and act | 
fpontaneoufly, by being reduced to a certain magnitude, would 
do well to difcover to us that degree of finenefs, that alteration, 


in the fituation of parts, at which matter may begin to think. 
Wollafton. 
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fation, he endeavours to deftroy the immateria- 
lity of the foul. Although by Hartley Dr. 
Prieftley is guided, yet he regards the infinitefi- 
mal elementary body and immaterial foul, adopted 
by Hartley, as an incumbrance upon his fyftem ; 
he fuppofes, that in all the bodies around us very 
little matter exifts; that each minute particle be-~ 
ing furrounded by thefe active powers, as to dif- 
fufe a {mall quantity of matter through a large 
fpace, if there had been no fuch powers, Dr. 
Prieftley fuppofed that all the matter of the uni- 
verfe might be no more than what would fill a 
nut fhell. | 

Let us candidly and unprejudi iced examine all 
the arguments which have been adduced in fup- 
port of the exiftence of fuch — If there 


Dr. Cheyne fays, that the paffivity of body is in proportion 
to the denfity, and leflens as its denfity does; hence, to become 
{pirit it muft firft lefe all paflivenefs, and confequently all den- 
fity, and pafs through the term vot matter in its progretfion be- 
fore it can arrive at felf-activity, and then acquire the contrary 
qualities; as the feries + 4 ++ 39-+-2-+4+1+0— en es 
3 — 4: nothing but infinite power can deftroy its materiality, 
fo as to render it an active or fpiritual fubftance. 

_ Effay on Philof. Med. 

Lord Bacon has ingenioufly conjeétured that the fpirit of ani- 
mated bodies is diffufed through the whole, without any folution 
of continuity. The fpirit of inanimate bodies, the parts of 
each having no degree of conne¢tion, the whole is not ina ftate 
of union, confequently the power in a divided ftate, like, as he 
fays, air is in fnow. V. Sylva Sylvaruin, vii century. 


are 
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are lefs difficulties attending the belief in fuch 
powers, we ought not to hefitate a moment in our 
adoption. So, on the contrary, if all the expe- 
riments which are adduced fhould be explicable 
on fimple mechanical principles, we ought then 
to withhold our affent to powers which come not 
’ under the cognizance of our fenfes. I will vén- 
ture to fay with Bonnet*, that were Ia materia- 
lift I would not fcruple at an open avowal; from 
principles I perfuade myfelf J am not: although 
I do not coincide with the fentiments of Prieft- 
ley, it is with the utmoft deference that I prefume 
to offer any, opinions contrary to his. Every 
doétrine which is advanced fhould be unreftrained; 
it fhould be left to rife or fall according to its 
own merit... When civil power interferes, it is 
generally partial; when united with the ecclefiafti- 
cal court, almoft always cruel t. 


The 
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* Non; jene fuis point Materialifte; je ne crgis point A la 
materialite de ame; mais je veux bien qu’on fache, que fi 
jétois matérialifte, je ne mie ferois aucune peine de l’avouer. 
| | Bonnet Palingen. 
_ It muft be confeffed that Bonnet was partly a Materialift : 
a légard de la force ou-de la puiffance qui opere l’evolution des 
parties préformées, je ne penfe pas qu'il foit befoin de recourir 
a des qualites occultes. Il ine femble que Vimpulfion du coeur & 
des vaiffeaux, eft une caufe phyfique qui fuffit a teut. 
Paling. Part 10. ‘ 
+ Every liberal mind muft feel a {pirit of refentment when 


he reflects on the unjuft treatment of Bacon, Virgilius, Galilzo, 
and 
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The arguments which have been generally ad- 
vanced, in order to demonftrate the exiftence of 
certain active powers, may be reduced to the five 
following : : 


fie Ene tendency of light bodies floating on 
the furface of water contained ina vellel towards 
the fides of the veffel, : 


2. The rife of fluids in capillary tubes. 


3. The force with which two polifhed leaden 
{pheres cohere. 


4. Refle€tion and inflexion of light. — 


5. Expanfion of bodies by heat, and contrac- 
tion by cold. 


and Vanini; would he not exclaim, I am for no Pontifex 
Maximus, as in Rome; nor high prieft, as in Judea; no Pa- 
triarch of Egypt; no Dairos of Japan, or Lamas of Tartary? 
In vain, under the cloak of religion, does the human heart en- 
deavour to conceal its paffions; they are invariably the fame: 
the conqueror differs not from the prieft ; both are alike atuated 
_ by ambition and the luft of power; the pride of pre-eminence 
difplays itfelf even in the excefs of humility. 


The 
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The Tendency of light Bodtes floating on 
the Surface of Water contained in a 
| Keffet to dbes the, Sedes of that a 


When a glafs veffel is neatly filled with water, 

a thin glafs bubble, or a piece of cork, placed on 
the furface, moves with.an accelerated force to- 
wards the fide of the veffel, 1s this. tendency to 
be attributed to the power of attra&tion? When 
we examine the furface of the water, it is per- 
ceived higher towards the fides of the glafs than 
towards the centre; as bodies fpecifically lighter 
than the fluid on which they float muft necefla- 
rily rife to the fuperior part, the glafs bubbles 
muft approach the fides of the veflels. If we 
caufe to float a body which is fpecifically heavier 
than water, but whofe gravity 1s not {ufficient to 
overcome the wis inertie of the fluid, as a needle 
fwimming on water, we fhall always obferve a 
contrary effect; the needle will avoid the fides of 
the glafs, and tend towards the centre: that this 
cannot any ways originate from a peculiar repul- 
five power between the glafs and needle, may be 
demonftrated by placing the needle on a fmall 
piece of cork; it then tends towards the fides. 
If the glafs veffel be entirely filled with water, 
thefe effets are reverfed; the central part of 
| the 
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the water becomes the higheft; the glafs bubble 
flies from the edges, and moves with rapidity to- 
_wards the middle; the floating needle in this, cafe 
does not retain its central fituation, but moves 
with an increafing velocity towards the fides. 
If in the firft experiment it be fuppofed that the 
bubble is attraGted by the glafs, in'the fecond ex- 
periment we mutt fay it is repelled: it is extremely 
difficult to conceive how fuch contrary powers 
fhould be exerted, merely by a little difference 
in quantity of the fame fluid. I have already 
obferved, that in the firft cafe the water is higher 
towards the edges, and in the fecond cafe towards 
the centre ; it will then only remain to enquire 
the caufe of this. A fluid acts equally in every 
direction, as all its component parts are equally 
obedient to the general preffure; fo long as thefe 
‘are uninterrupted, the furface is even and regu- 
lar. When a body is interpofed, a refiftance is 
induced, and the preffing ation of the whole 
fluid is limited by the furface of the body. It is 
eafy to conceive how, by fuch a general deter. 
mination, the fluid where interrupted will be the 
higheft; as the fluid tends towards the centre of 
the earth, it meets with lefs refiftance in its cen- 
tral portion. When the veflel is, as it were, more 
than filled, we find the fluid higheft in the centre; 
in this cafe the fluid hangs over the edge of the 
veflel, the gravity of the fluid not overcoming 
the combinatory union of the particles; fo that, 

a in 
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in faét, the fluid is only depreffed about the 
edges, in confequence of a portion being thus in 
a fufpenfory ftate; the fame quantity fwelling 
over the edges, when interrupted by a refifting 
furface, would render the fame part the highelt. 


The Rife of Fluids in capillary Tubes. 


- When a tube of a very {mall bore is immerfed 
in water, the water rifes in the tube confiderably 
above its furfaces the increafe of its rife has been’ 
found to be in the inverfe ratio of the diameters 
of the tubes: this is obfervable in capillary or 
hair-like tubes of every kind, as in lump fu- 
gar, d&c.! ; 

This rife has been generally attributed to a 
power called atiraclion of cohefion, a power inhe~ 
rent in the tube of drawing the water upwards, 

When we immerfe in a ffaid a tube of a nar- 


row bore, we -find the fluid rifes to a certain 


height above the level. If a tube, twelve inches 
long, and whofe bore does not exceed the twen- 
tieth part of an inch, be divided into twelve 


parts, when one part is immerfed in the fluid, the 


water rifes near one inch and a half in the tube 
above the level; when two parts of the tube are 
immerfed, the afcent of the fluid is not much 
more than one inch and a quarter; when a third 
part is immerfed, the difference is ftill lefs; fo 

2 that 
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that when ten parts of the tube are immerfed in 
the water, the rife is not more than a quarter of 
an inch; when the whole tube is: immerfed, the 
 afcent is nothing. 

If the fides of the tube caufed the fluid to rife 
by virtue of any attractive power, why fhould 
there be this gradation in the afcent of the fluid? 

It appears to me that this is explicable on prin- 
ciples more comprehenfible than thofe which arife 
from the fuppofition of unknown powers. 

It feems to depend on the different elafticity of 
the air; the elafticity of the air is always a coun- 
tera€ting balance to the-general preffure of the 
atmofphere; as a diftended bladder preferves its 
diftenfion, becaufe the elafticity of the included 
air is equal to the preffure externally. If by any 
means the elafticity of the air is diminifhed, no 
longer a counteracting force, the atmofpherie 
preflure will then evince its power. Bodies of 
many kinds, we obferve, that are very elaftic in 
a larger mafs, which are not proportionally fo in- 
a fmaller ftate, as glafs, the moft elaftic of all 
bodies, is not confiderably fo when in a filamen- 
tous ftate, as in glafs feathers: fo with air, its 
elafticity being the aétion and re-attion of its par- 
ticles; in a minute column we cannot expeét the 
fame elafticity as in the furrounding unconfined 
air. By fuch a fuppofition every circumftance of 
the capillary tube is eafily explained. When the 
tube is immerfed in water, the water meets with 

T 2 lefs 
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fefs refiftance in the tube, confequently the pref. 
fure of the outer air will caufe the water to rife. 
When the tube has more of its parts immerfed, 
then the afcent is not fo great; becaufe the air in 
the tube out of the water being nearer the atmol- 
pheric air, neceffarily increafes in its elafticity, 
and proportionally refifts the rife of the water; 
this refiftance increafes the lefs portion of the 
tube there is out of the water, till ultimately the 
refiftance is equal to the atmofpheric preffure. 


That the air in the tube lofes its elafticity may _ 


be farther demonftrated, by obferving that the 
fluid will rife to a certain degree when the upper 
end of the tube is not open. I have attempted 
fome experiments to afcertain what ratio there 


may be in the deficiency of oe} in piffersht 


tubes. 


It may be obje&ed to ihe fuppofition, that 


the fluid will rife in tubes placed within an ex- 
haufted receiver; but the ratio of the elafticity of 
the air in the tube to that of the receiver will be 
the fame as above. I have not as yet obferved 
the effects which would take place in the highly- 
exhaufted ftate that can be produced by the va- 
luable air pump of Mr. Cuthbertfon’s invention ; 
I purpofe to afcertain this with the affiftance . 
this Gentleman, who, as an experimentalift, 1 
fecond to no one. 
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The Force with which two polifhed leaden 
Hemipheres cohere. 


When two polifhed Jeaden or other foft metal- 
lic hemifpheres are rubbed together with a rota- | 
ry motion, they cohere with fuch power as to 
require a weight for their feparation confiderably 
more than what would be requifite for the fe- 
paration of exhaufted Magdebourg hemifpheres 
of the fame fize. 

Two leaden hemifpheres, of about an inch 
and a quarter in diameter, will require 150lb. to 
feparate them. ae 

This cohefion has been fuppofed to arife from 
the influence of a certain attractive power when 
the furfaces are brought nearly into contaét. 

Two hemifpheres, well polifhed, and their 
planes placed upon each other, in this pofition, 
. preffed with ever fo great a weight, there is no 
particular cohefion produced. 

No fuch effect is induced by the application, 
in any mode, of brafs or iron plates. | 

When a leaden hemifphere is accurately exa- 


mined by a glafs after the cohefion has been pro- 


duced, the furface appears covered with fpiral 
lines and ridges where particles of the lead are 
raifed up. Ae 

| From 
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From this circumftance the power with which 
they unite is eafily explained. 

The reverfe rotary motion round the axis ASE 
each hemifphere raifes up on each plane particles 
of the lead in contrary dire€tions, fo that all the 
particles of the one being Jocked with thofe of 
the other, will refiit feparation in proportion to 
the number of particles thus entangled. This is 
rendered probable from the following reafons : 

‘However ftrong the hemifpheres were united, © 
they do not in the leaft refift the fame roneny | 
motion which induced the union. 

When the hemifpheres have thus been uled 
two or three times, the furfaces become fo irre- 
gular, that no union can be induced till the fur~ 
faces are {craped. | 


Reflettion and Inflection of Light. 


Newton, in the eighth Propofition of his fe- 
cond Book of his Optics, fays, that the refleétion 
of a ray of light is not effe€ted by a fingle point 
of the refle&ting body, but by fome power evenly 
diffufed over its furface, and by which it aéts 
upon the ray without immediate contaét; for the 
parts of bodies a upon light at a diftance. 
Thofe rays which do not impinge on folid parts are 
neceffarily ftifled, or elfe there would be a double | 

refle&tion; this fine fubftance thrown upon the 
; furfaces 
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furfaces of bodies he calls ether: he fays that 
mirrors are only produced by rubbing away their 
protuberances, as none to us may be vifible, yet 
from their inequalities would reflea& light diffe- 
rently, and {catter the rays. 

If matter has the power, under any circum- 
ftances, of forming to itfelf, or as matter neq. 
ceflarily conneéted with it, an atmofphere capable 
of refleéting light, this atmofphere muft necefla~ 
rily be regulated in its extent by certain proper- 
ties of the body. In fuch a fuppofition each lit. 
tle portion muft have a feparate atmofphere, which 
mult alfo produce a correfponding inequality in 
the eztherial medium, and a neceflary {cattering 
of the rays. 

If we take a mirror of the moft perfea refle@- 
ing powers, this property is loft by having the 
furface ground. Could an operation of this kind 
be fuppofed to impart or remove an ztherial at- 
mofphere ? | | 

Newton fuppofed it was this medium which ad- _ 
mitted of refraGtion as well as refleGtion: that it — 
operated in the cafe of the fingle refra&ion as 
well as the double refle&ion, which occur in 
every looking-glafs, where we always find a re- 
fraction produced by the rays of light pervading 


~ the medium of the glafs; alfo an image formed 


by the refleGtion from the quickfilver furface, 


and a fecond image from the parts of the glafs it- 
felf, 


Inflethon 
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Inflection of Light. 


When a ray of light paffes by the fharp edges 
of bodies, it bends from its reétilineal courfe, and 
is divided into a number of coloured fringes. : 

This is called the infle€tion of light. 

Grimaldi, who was the firft that paid any par- 

“ticular attention to this fubje&, made ufe of thefe 
circumftances as proofs of the Ariftotelian  fyf- 
tem, that light is not a fubftantial but an acciden- 
tal quality: while, on the contrary, Newton fup- 
pofed that light was not only material, but that 
there were fome powers diffufed over the furface 
of the body that produces this inflection, before | 
the light can arrive at the body itfelf. 

Mairan conje€tured, that round: every body 
thus infle@ting light there is an atmofphere of a 
variable denfity; while Monf. du Tour fup- 
pofed it an atmofphere of an uniform denfity. 

To the fupport of fuch a fuppofition, it has © 
been afferted that the light is infleéted before it 
arrives at the body; confequently by the influence 
of fome power conneéted with the body. 

Itis obferved, that the greater the intenfity of 

—jight, the lefs the inflection. 

The diflance that is affigned between the in- 
fleGtion of the ray of light and the body is too. 
{mall to be afcertained. lve 

Probably 
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Probably this may admit of explanation on 
fimple mechanical principles. 

The fineft edges of any cutting ‘inftrument 
which can be made, when viewed through a mi. 
crofcope, appear replete with inequalities; 

If a ray of light be regarded as a mafs of ma- 
terial particles, moving with that amazing velo 
city which is generally affigned, and fo incon- 
ceivably minute in themfelves, they muft be di- 
verted from their ufual courfe in confequence 
of ftriking on the little projeéting parts of the 
fineft edge. 

In the Effay on Vifion it was bietveas that 
probably light confifted of portions whofe mo» 
-menta were different; that thefe, when divided, 
produced, by their different impulfes, different 
aftions on the retina, and confequently the fenfa- 
tions of the different colours. 

When a ray of light, compofed of portions of 
different momenta, ftrike upon any body, the 
impulfes will be different; fo that the portion 
with the lefs momentum will be more diverted 
from its courfe than the portion with a Bren ter 
momentum. 

The portions, by being differently bent, will 
fall feparately on any opake fubftance; being 
reflected to the eye feparately, will thus produce 
the different coloured fringes. 

The fame muft take place on a fcratch of a 
polifhed mirror, or of a lens; the inequalities 
U . produced 
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- produced by fuch a fcratch will aé in the fame 
_ manner. 

In viewing a candle with the eyes nearly clofed, 
the infleétion of light in paffing through the eye- 
lafhes is very evident, forming luminous trains, 
like unto comets’ tails; as the infleétions by every 
hair of the eye-lafh run into one another, the co- 
— loured fringes are deftroyed, fo that only a lumi- 
nous-diffufion of the whole appears. 

When on refleétion one circumftance was o- 
mitted, which has been adduced as a proof of 
the exiftence of fome kind of power a€ting at a 
diftance from the body itfelf, a drop of water on 
a vegetable leaf appears opake in the inferior 
part, if it had been in contaét with the vegetable, 
the green colour of the leaf would have been 
tran{fmitted ; hence it has been fuppofed that the 
watery drop is kept fufpended by fome kind of 
repulfive power. When we view the leaf with a 
microfcope we find it covered’ with an infinite 
number of fine fibrilla; it is upon thefe the drop 
is fufpended, and owing to fuch fupport it pre- 
ferves its {pherical form. 


Expanfion 
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Expanfion of Bodies by Heat, and Con- 
traction by Cold. 


It has been fuppofed difficult to conceive how 
the ultimate particles of bodies could be in cone 
-ta&, as they are expanded by caloric, and conr 
trated ‘by cold; that if they are in conta€t, 
and their union depended on fuch contaét, they 
could not admit of the leaft expanfion without 
feparation. 

If they are in aétual contact, an approxima- 
tion could not be induced by the application of 
cold. 

As we do obferve bodies fuffer expanfion with- 
out feparation, and likewife admit of condenfa~ 
tion, it has been thought more eafy to fuppofe 
that the ultimate particles are not in any contact, 
but that each particle is furrounded with an at 
mofphere of a repulfive nature, which aéts pow- 
erfully at a very minute diftance from the par~_ 
ticle. : 

This repulfive power being increafed by calo- 
ric, and diminifhed by cold, would explain the 
different ftates. 

Every particle being furrounded by a {phere 
of repulfion, would neceffarily prevent that union 
we obferve in bodies, were not fome other power 
‘fuppofed to be interpofed; hence it is faid that 
U 2 {fpheres 
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{pheres of attraction extending farther than the 
{pheres of repulfion, prevent any feparation. | 
_ By what circumftances are thefe principles re- 
gulated? They do not depend upon the quantity 
of matter, as gold is eafier feparated than iron. 

{ muft confefs I cannot carry my mental pow- 
ers to fuch an extent, as to conceive the exiftence 
oftwo contradiétory elements exifting in one 
and the fame body. 

If fuch powers did actually exift, if equal in 
their influence, they muft deftray each other; if 
different, only the excefs could prevail. 

It appears to me that thefe different flates of 
bodies may be more fimply explained. 

T will illuftrate my meaning by water: we find, 
by abftraGting a certain quantity, or imparting a 
certain quantity of caloric* to or from water, fo 
that its temperature be at 32°, it changes its fluid 
appearance, {hooting out into cryftals, forming a 
folid fubftance called ice: 

The figure of the integrant parts of ice is an 
equilateral triangle, which, by fucceffive unions, 


* Although’ ice has been deemed the more native ftate of: 
water, yet a certain portion of caloric is requifite to its forma- 
tion. Water, at the temperature of 20°, may be in a fluid 
ftate; when raifed to 32° may congelate; we are informed, 
that in the icy cavern of Szelice, near Mount Carpathus, the 
water freezes in the fummer, and melts as the winter approaches: 
fo Wolfius has obferved the fame in Germany, (Elem. Aerom. 


1203.) and Reaumur in France, (L’Hift. del’ Acad. Roy. 1730.) 
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form little o&ohedrons, whofe aggregation pro- 
duces that beautiful arborifation we obferve on 
our windows. 

Mairan tells us, that thefe little icy cryftals are 
inclined to each other in an angle of 60° or 120°. 

The ice we find fpecifically lighter than water ; 
here is a fubftance lofing zz Part of its fpecific 
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weight, and confequently a proportionate increafe 
in bulk, by abftraéting that principle which al- 
ways expands *, | 

1. I believe it will be granted me, that in fluids 
the particles are perfeéily fpherical, evidént from 
their free and eafy motion ; that this fphericity is 
acquired by the combinatory union of caloric 
with their ultimate particles; thofe bodies not 
capable of fuch a combination cannot be lique- 


fied. 
It 


* That ice is only water feparated from a portion of caloric 
feems to have heen an opinion entertained by the moft ancient | 
philofophers. Cicero, who afcribed animation to fire, has par- 
ticularly noticed that congelation is owing to the abftraCtion of 
this principle. “ Atquz ague etiam admiftum effe calorem, 
** primum ipfe liquor, tum aquee declarat effafio : quz neque 
** conglaciaret frigoribus, neque nive, pruinaque concrefceret, 
“ nifi eadem fe admifto calore liquefacta, et dilapfa, diffun- 
“ deret.” (Cic, de Nat. Deor. lib. 11.) Galilzeo was the firtt 
who obferved that‘ice is {pecifically lighter than water ; he at- 
tributed this increafe of bulk to a quantity of air bubbles dif= 
engaged from the water in the aét of freezing; and of this opi- 
nion were the Florentine philofophers, Boerhaave, and many 
| others, | (Exp. Acad. del Cim. 25. 3.). 
Des 
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It is no difficult matter to conceive how the 
ultimate particles which compofe a body may 
admit within each particle a certain quantity of 
caloric, which tending equally every way, may 
induce this {fphericity. 

2. That fluid {pherical particles, when con. 
verted into a folid, is effe€ted by abftraéting 
that portion of caloric which rendered the parti- 
cles fpherical, and then they refume their native 
form. 

3. A fpherical particle is eafily demonftrated to 
contain the greateft quantity of matter in the 
leaft fpace, and when changed in form, may oc- 
cupy a greater {pace, more than adequate to its 
‘own increafe by its union with caloric. 

4. According as the change is more or-lefs 
deviating from a fphere, the difference in bulk 
will be greater or lefs. : 


Des Cartes, as attached to his three elements, as Newton was 
to his ether, whimfically fancied, that when the globules of his 
fecond element were inaétive in air, the air was converted into 
water ; and when inaétive in water, the water was changed into 
ice. “ Ut cum ifti globuli paulo minus folito agunt, aquam 
in glaciem mutent, et particulas aris in aquam.” 

Prin. Philof. 

Mufichenbroek fuppofed that water could not be converted 
into a folid by the mere abftraction of caloric; he thought the 
particles of the fluid muft be fixed by wedges of fubtle bodies 
aut of the atmofphere, mingling with water, and entering into 
the pores of the particles. - LW. Elam. Philof. 
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If in any cubic veffel we calculate the number 
of o€tahedral pyramids, fimilar in content to an 
equal number of fpherical particles, and inclined 
to each other in an angle of fixty degrees, we 
fhall find that the faid veffel will only contain 
three fourths of the pyramids, as it would of the 
{pheres. : 

From hence we may eafily explain the increafe 
in bulk of ice by the change in form of the ulti. 
mate particles, and allowing fufficient for the ex- 
panfion of the fluid from caloric. 

By one particle being in a€tual conta@ with 
another, each is wedged in by its neighbour, and 
thus the whole is mechanically retained *. 


* Some idea may be formed of the power with which one 
particle is wedged with another, when we refleét on the power 
of refiftance in the aggregated mafs. The Florentine philofo- 
phers included water in a golden ball, clofed it up, and accu- 
rately meafured its greateft circle by means of a wheel of me- 
tal. ‘The water, when converted into ice, {welled the golden 
ball very confiderably, fo that it would not pafs through the 
fame wheel; the expanfion was fo violent, as to extend the 
whole mafs of gold. (Tent Florent. p. 142.). Vellels of glafs, 
earth, fiones, and even metals, have been burft ; trees have 
been cleft, and houfes razed from their foundation. Huygens 
has obferved, that an iron cannon has been burft by the conge- 
lation of water included therein. The Rev. Mr. Jones lays, 
that in a fmall box, holding about ten inches of water, which 
being converted into ice, raifed up a weight equal to 2296lb, 
This is in no refpegts equal to the experiments of the Florentine 
Academician, who, by including water in thick fpheres of 
brafs, eftimated the expanfive force of the icy cryftals to be in 
every {pherical’ inch equal to 27,72@lb, (Tent Flor, po 
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The force with which they refift feparation will 
be regulated by the form of the particles, and 
angles of inclination they form with each other. 

If we fuppofe four cubical particles lying with 
their fides parallel to each other, were feparated, 
{o as to touch only at their corners, the fpace they 
would then occupy would be double, what inter- 
vals of expanfion between thefe two fates, and 
which eafily explain how a body may be ex- 
panded by heat without the particles being dif- 
united *. | 

All thefe circumftances which have been ad- 

duced as proofs of the exiftence of certain pow- 


* When the particles are of an irregular or polygonal figure, 
the expanfion will take place in fome parts before the whole 
particle is rendered fpherical, and confequently produce an ex- 
panfion of the whole mats. If the form of an ultimate particle 
be a cone or pyramid, any caloric that may be admitted would 
firft {well out the part near the apex, as there meeting with 

more refiftance. . 

How fimply this explains that firm union which exifts in 
metallic bodies; when melted they occupy lefs {pace than when 
+1 a folid ftate: the external furface is the firft portion which is — 
cooled, afterwards ‘4 contiguous ftratum or layer: the exterior 

~ Jamina, when cooled, refift the fwelling of the interior, fo that 
each particle becomes fo finely impated with one another, as 
to render theit feparation fo very difficult; while thofe bodies 
which formed, as it were, from a centre to a circumference, . 
their adhefion is neceflarily not fo ftrong ; the gradual arrange- 
ment of the particles gradually infinuating into each other, will 
ultimately form a folid fubftance, whofe refiftance to feparation 
will be regulated by the figure of its conftituent particles. 


ers, 
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ets, we find are reducible to pure mechanical 
principles. By rejecting fuch fuppofitions in our 
| fyitems of philofophy, we fhall fimplify much; 
- the ground work will be clear and evident, when 
the fundamental principles are cognizable toevery 
mind, A ftudent feels difcouraged in his purfuits 
when embarraffed by crowds of powers; etherial 
atmofpheres, aitratlive and repulfive influences; not 
being enabled to conceive their exiftence, he 1s 
“apt to attribute to his own inability what is in n fact 
incomprehenfible to all. | 

Notwithflanding the great authorities of a 
Boyle, a Newton, a Boerhaave, and a Priellley, 
whom no one can revere more than I do, with 
re{peét to the fimple properties of matter, 1 muft 
give my vote of preference to the plain and. eafy 
doétrine of Des Cartes, 

If I fhould hereafter be duced to. trouble 
the Public with a fecond volume of Effays, I 
purpofe to attempt the fame mode of reafoning 
with refpeét to chemical affinities, ele&tricity, mag-_ 
netifm, and gravitation. 


ae Of 
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of the Homogeneity of Matter. | | 


That the primary particles of matter are homo 
geneal, or of the fame kind, is an idea which has 
been entertained by philofophers in the mott dif. 
tant periods, as well as in modern times. , 

It has already been obferved, that Thales fup- = 
pofed water as the element out of which every 
thing was formed; that all the variety Of matter — 
was owing to the different arrangement of the 
watery particles: it has been fuppofed that the 
hemp feed expanded and unfolded its vegetable 
by the addition of water only; that the hemp was 
formed into threads, the threads into cloth, and 
the cloth into paper; through all thefe different. 
flates the water pafles, afluming in each diftin@ 
appearances, from the diverfity of its arrange- 
ment. The Pythagoreans imagined there were 
five elements; the Arillotelians four; the Carte- 
fians three*. Newton and his difciples have fup-= 


* The ancient chemifts fuppofed there were three principles ;5| 
tria prima, viz. falt, fulphur, and mercury: fubfequent chemifts _ 
added earth and water. Paracelfus imagined that the ftars are | 
eucurbits, in which meteorical falt, fulphur, and mercury, are 
contained; and that the winds, which are made of thefe by the 
zetherial cae are blown forth out of thefe emunctories; 
that the ftars are the pots in which the Archsus, or heavenly 
Vulcan, prepares pluvious matter; that hail and fnow are the 
fruits of the ftars. The ftars eat and are nourifhed, and that | 
falling ftars are their excrements. Tract. de Meteor. Parac. 
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oe 


aes) 

pofed that God, in the beginning, formed certain 
hard, impenetrable particles, out of which every 
thing has been formed; he imagined it might be- 
fome fuch matter as light; as he fays, upon the 
authority of Mr. Boyle*, that water, after 200 
diftillations, was converted into earth, and earth, 
by ignition, may be converted into ale 

To change one matter into that of another, 
only a frefh arrangement of its primary particles 
were deemed necefflary; thus the laboured attempts 
of alchemitts, in the tran{mutation of metals, to 
change iron into gold, it was thought only requi- 
fite to increafe the denfity of the former, to ren- 
der its primary particles in the fame ftate of ap- 
proximation as the latter; even Boerhaave ima- 
gined fuch was only neceflary in converting glafs 
into diamond, Infinite are the experiments 
which have been tried; however they may have 
failed in their attempts, their accidental difcove- 
ries have contributed much to the increafe of {ci- 
ence. The Pythagorean fyftem, revived by Co- 
pernicus, was not admitted till the wild dottrine 
of Des Cartes eftablifhed it. 

So to that mad enthufiaft, Paracelfus, the 
torturer of mercury, are we indebted for the 
principal preparations of this valuable metal. 


* Mr. Boyle did not try the experiment himfelf, but took it 

_ upon the credit of another, that an ounce of water, after 200 

- diftillations, produced 6 drachms of a whitifh earth. Boerhaave 
has {hewn the fallacy of this. 
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We obferve, that gold in the ingot is gold in 
the powder, and, however varied in form, is ftill 
gold; fo iron Is the fame, whether in the bar, or 
united with an acid in the form of green vitriol, © 
in ochre, or in vegetable recrements. Bodies of 
this clafs have their con{iituent particles of ex- 
actly the fame principle as the body formed by 
their union: ~ ; 

It has been fuppofed by fome chemifts, that 
metals are not elementary bodies, for that iron 
may be generated by vegetables; we certainly do 
obferve the produétion of iron from the decom- 
‘pofition of vegetables. Waters oozing from all 
morafles are chalybeate, and depofit their- ochre 
on being expoied to the air; the iron acquiring a 
calciform ftate from its union with oxygene, or 
vital air. This formation of iron from vegetable 
recrements is farther evinced by the fern leaves, 
and other parts of vegetables, fo frégutnita 
_ found in the centre of the nodules of fome iron 
ores. Kirwan fays that all the leaves confit of 
one fourth of iron. If iron is fo univerfally 
diffufed as to conftitute fo great a portion of ve- 
getables, do they feparate it from the foil? from _ 
the air, as Prieftiey fays iron there exift, or cre- | 
ate it themfelves? Although our chemical ana- 
lyfes can no ways reduce metallic bodies to a | 
more fimple ftate, are fuch bodies to be deemed 
perfeét elements? May not they arife in confe- 
quence of certain combinations which may be 

a ea RS eflected 
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effefted by living powers? We daily fee the. 
power of vegetables in decompofing water, in 
abforbing light, &c. and hence may we not fup- 
pofe that one important purpofe they are to anfwer 
is to form an union of certain principles for the 
advantage of mankind? Thus to one fimple ve- 
getable, a folitary fern, we may be indebted for 
all the iron we poffefs, as well as to a fingle and 
fmall polype, the ifland we inhabit*, 

3 It 


* Polypes, the fpecies which form the coral, were-formerly _ 
deemed marine minerals; afterwards, by La Pluche, the Comte 
de Marfylles, and others, were fuppofed to be vegetables; and 
fome curious theories were formed refpe¢ting their being always 
attached to rocks: it was fancied they were formed as fhelters 
and fupport te tortoifes and other fhell fith. When the cele- 
brated Naturalifts, Ellis and Peyflonel, had proved they were 
animals, then enquiries were made refpecting the nature of the 
ftony incruftration in which they are embedded, and which is 
ufually known by the name of coral. Reaumur had fuppofed, 
that in fnails the fhell was formed by a tartarous moifture tran- 
fading through the pores of the animal, and that the body was 
only the mould. “ Qu’ila des coquilles qui croiflent par juxta | 
‘*. pofition, qu elles fe forment des fucs pierreux qui tranfudent des 
<* pores de l’animal; que fon corps en eft re-ellement le moule.” 
Had fuch been the cafe, the fnail could never have had that free 
and eafy motion. The coral, he fays, is a mere neft for the po- 
lype: « Le corail eft un polypier, comme on nomme un nid de 
«© Guépes in Guépier.” This fame error Bomare, in his valu- 
able DiGtionary, has imbibed, Monf. Trembley, whofe obfer- 
vations on the polype are well known, has not paid any parti- 
cular attention to the coral. Monf. Herifiant, in his ingenious 
Obfervations on Madrepores and Corals, demonftrates, that the 

coral 
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‘It appears more ecafy to conceive that there 
_ fhould be more elements than one, as we could 
not from any analogy’ imagine how, by any pof- 
fible arrangeinent of the fame particles, that di- 
verfity of bodies we fee, poilefiing fuch different 
properties, unlels by Mpeg that there are bi- 


Dany, 


coral is to the polype what the thell of.a {nail is to the {nail : 
that before any incruftration takes place, a quantity of coagu- 
fable lymph is thrown out, fo as to form a membranous enve- 
lopement of a parenchymatous nature; into this the calcareous 
depofit is made, fo that in a coral each polype is fecured by its 
ewn membranous envelopement, and which increafes by fuc- 
eefive layers. The polypes multiply by thoots; one planted 
upon another, and the whole rifing from one general trunk, 
which was formed by the firft polype, by thus branching out 
has been fuppofed a marine plant. his is an admirable inftance 
of the powers of life forming an union of thofe principles that 
cenftitute aériated lime. When we fee thofe large mafles which 
are formed by thefe animals, is it unreafonable to fuppofe, that 
after they have anfwered the purpofes of the polype’s exiftence, 
they may, by fucceffive unions, form an ifland? and we might 
extend our ideas ftill farther, and fuppofe that all bodies, where 
there is a firm degree of union in their conftituent parts, that 
fuch have been formed by the influence of living powers. We 
may thus be enabled to conceive why there fhould be in particu- 
lar places particular kinds of firm united maffes of matter; un- 
Tefs by fome fuch influence it would be difficult to explain why 
in fome parts there fhould be fuch. ge aa as of filver, in others 
gold, diamonds, éc. 


We may thus form fome idea of the utility of the myriads of 3 


infects embowelled within the earth; they may be at work in 
forming thefe decompofitions and unions, and thus conftitute 
Reto! links in the chain of création; that they are all per- 

forming 
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inaty, ternary, quaternary combinations, ‘&e, atid: 
beyond which no bodies ay ec analy fis can be 
reduced. 

We may fay a primary patiicle poffeffes a cer- 
tain property; two of thefe particles to us infe~ 
parably united a fecond property, fo three parti- 
cles a third combination, &c. 

Such, perhaps, may appear more fimple than 
to fuppofe the primary particles of matter hetero. 
geneous, 

May we not imagine that the powers of life ey 
have more influence on thefe combinations than 


forming their feveral functions in obedience and fubmiflion te 
the divine will. : 


- Tota concors fabrica perfonat 
Dei tuentis cuncta potentiam, 
Non voce qua pancorum ad aures 
Perveniat ftrepitu maligno. 
Buchanan; Pf. xviii. 


They may be regarded as agents, the refults of whofe tranf- 
ations are conducive to the happinefs of mankind; they tend 
to prevent that ftate of apathy, that vegetable kind of exiftence — 
into which we fhould fall, were we not ftimulated by the value 
affixed to their productions; they rouze us to exertions, they i- 
cite us to rifle the dark caverns of the earth, and purloin from 
thence thefe different treafures. Not with the poet can we con- 
- ceive that it is a kind of facrilege to difclofe to view what the 
Deity had thought proper to conceal from our fight. 


— Itum eft in vifcera terree, 
Quafq ; recondiderat, ftygiifq; admoverat umbris 
Effodiuntur opes, &c, Ovid Metam. 1. 
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our retorts and our crucibles? and that to their 
influence may be owing the nature of thofe fecre- 
tions which are fo different from the principles of 
which they were formed, as the poifon of veno- 
mous animals, the bitternefs of bile, &c. 

We may thus form fome idea how the living 
powers, when difturbed in their aGion, may, by 
decompofing thofe bodies which are deemed che-. 
mical elements, form thofe unions which may 
conftitute contagious miafmata, and infeétious 
fecretions. ; 

_In atonic ftates of the ftomach air is in abun- 
dance fecreted; in diabetes fugar, in large quan- 
tities, will be formed; and in every morbid af- 
fection of a gland its natural fecretion is entirely 
changed. 


OF. 


OF THE 
SYMMETRIC ARRANGEMENT 


OF THE 


CONSTITUENT PARTICLES OF BODIES. 


In various minerals we obferve that there is a 
fomething more than a mere fortuitous concourfe 
of the conftituent particles; there is a fymmetric 
affemblage, a beautiful arrangement appropriate 
to particular bodies. When thefe prefent them- 
felves under any regular form whofe faces may 
be reprefented by geometrical figures, fuch are 
called cryftals*, 
_, ™ The ancients knew only the rock cryftal and fome other 
tranfparent ftones, thinking they were congealed water, becaufe 
principally found on mountains whofe temperature is intenfely 
cold; called thus cryftals, from ypuraar@-, ice. 

That they are found plentifully in high mountains is becaufe 
thofe in Italy are of granite, of which quartz, or rock cryftal, 
is the principal ingredient, 

| ¥ ia? 
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It would feem that there was fome power itt. 
-fluencing the conftituent particles of thefe minc- 
rails, while floating in the fluid in which they are 
diffolved ; as we perceive the integrant particles, 
although feparated by the interpofition of a liquid, 
are determined to unite and form a folid mafs of 
regular and conftant figures. , 

If wedipa thread into a folution of alum, we 
find the thread will be covered with little cryftals 
of an o@chedral form; if we again immerfe the 
thread, we do not find an accidental f{cattering of 
the fame cryftals in different parts of the thread. 
The fucceffive layers are determined to the firft 
cryftals, increafing their fize with the fame ofo- 
hedral form. 

It has been thought that this regular arrange- 
ment is effeéted by the influence of a power a de- 
gree inferior to vegetable life; thus Haller ob- 
ferves that animal life is a degree above vegeta- 
bles, and vegetable life a degree above cryftali- 
zation. Von Linneus nya Lapides crefcunt ; 
“* vegetabili la, crefcunt et vivunt; animalia cre- 
« fcunt, -vivunt et fentiunt.”” Monf. Metherie, 
and others, have fuppofed that there are feeds of: 
cryitalization, that there is a fpontaneous gene- 
ration in the mineral kingdom; they have ex- 
tended this doétrine fo far, as to fuppofe animals 
or vegetables are produced by the cry ftalization 
of the feed. 

That 
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That minerals poflefs fome powers eduivaledt 
to life is an idea that has been entertained by 
Theopbraftus, Tournefort*, Plott, Lifter, and the 
learned Bifhop of Llandaff, and no doétrine can 
be abfurd which is efpoufed by fuch chara€ters as 
thefe; they faw that there was a fomething which _ 
influenced this arrangement that could not then 
be referred to any known principle. 

Since Mr. Lichtenberg has fhewn us what beau- 
tiful configurations may be produced on an elec- 
trophorus,; and the ramifications influenced by 
the ftate of eleétricity, with fome degree of 
reafon it has been thought that cryftalization 
may be owing to the influence of the fame prin- 
ciple. | | 
As the principle of ele@tricity is fo univerfally 
diffufed; in every aGion the moft minute its 


* Tournefort, in his Defcription of the Labyrinth of Candia 
. of Crete, obferves that the ftones there evidently grow ; an in- 
¢reafe which cannot take place from their fituation by the acci- 
dental accretion of matter externally. Perfons who have cut 
their names on the perpendicular walls of this labyrinth, the 
ftrokes of the chifel are not only filled up, but even raifed two 
or three lines above the furface of the ftone, fo that what at firft 
were indented, are now fo many bafio relievos, formed of a mat- 
ter much whiter than the general mafs. 

This notion is not entirely new, as Pliny informs us that 
Mutianus and Theophraftus believed the fame; and Gregory 
Nazianzen affures us that there were fome authors who main- 
tained that fiones made love; and a learned living writer ima- 
gines that the various fireaks. of ftones are an arrangement of 
calculous veflels, 
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agency is difplayed. The evaporation of a drop 
of water, the agitation of a few dufty particles, 
the contact of two different metals, the change 
of temperature in any body, even the wafture of 
any part of our apparel, can no ways be effetted 
without unfolding a certain portion of this ener- 
_ gizing power. 4 

As it 1s well known that fome bodies, when 
united, have their capacities for caloric increafed, 
while others, when entering into combinations, 
will impart a confiderable quantity. So it is with 
bodies with refpe& to ele€ricity ; fome, upon the 
leaft difturbance, will appear to have a fuperflu- 
ous quantity, and freely impart it to the furround- 
ing medium; while other bodies appear as if 
they cannot enter into any altered ftate without 
an additional quantity of this principle. 

It is no difficult matter ‘to conceive that the 
conttituent particles of different minerals poffefs 
different degrees of power; and as they are in- 
fluenced in their arrangement by this power, each 
mineral muft have its own refpective arrange- 
ment. , 

This arrangement can only take place when 
the conflituent particles are in a fluid ftate, and 
running gradually into a folid form. — 

When the combination of the fame elementary 
principles operate in fimilar and exa@ly propor- 
tionate circumftances, the ia formed body re- 

fults 


( 265 ) 
fults with the fame Goniitys the fame hatdnefs; 
tafte, &c. 

When the procefs is flow, we find a fymmetri- 
cal and regular arrangement of the cryftaline 
molecule; the electric principle which is difen- 
gaged operates equally from the fluidity and tem- 
perature of the body being preferved in nearly 
an equal ftate, fo that each particle, equally in- 
fluenced, fhoots out in equal dire@ions. . 

When the procefs is hurried, inftead of cryftals 
with determinate formed faces, we have only 
curved furfaces, dendrites, and maffes, fometimes 
fo illformed, with an appearance lamellated, ftri- 
ated, granulated, or cellular, and at other times 
an affemblage of almoft imperceptible molecule. 

Such is the difference between a rhomboidal 
- ealcareous fpar, and a bloek of ftalaétites, or 
white marble; between a ‘regular cryftal of fele- 
nite, and the common gypfum or alabafter ; be- 
tween a quartz or rock cryltal, the hexagonal 
Mpecies with ifofceles, triangular planes, and the 
unformed quartz, as freeftone, agate, or flint. 

' If we have three hot faturated folutions of ma- 
rine falt, if we cryftalize the falt in one folution 
by a quick evaporation over the fire, and put 
the fecond folution in a cool fituation, and the 
third placed within a large medium of its owa 
temperature, asin a veffel of hot water, fo that 
its cooling fhall be very gradual, we fhall have 
three different ftates of cryflalization produced, 

g The 
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The firft folution, hurried by a rapid evapora= 


tion, produces only an irregular precipitation of 
a confufed faline mafs, without any regularity of 
form. The fecond folution being more gradual, 
the falt fhoots out into the form of listle cubes, of 
by the union of two or three cubes, parallelipipe- 
dons * are formed. In the third, where the cryf= 
talizing procefs is confiderably flower, then cryf= - 
tals of a more perfect form are produced. In 
the firft folution the interpofed fluid being fo 
fuddenly removed, the falt 1s difengaged with too 
great a rapidity to fubmit to any influence from 
this principle of regularity; when the procefs is 
gentle and flow, the liquid in which the faline 
particles float being mildly removed, unrefifting © 
they obey this arranging elettric power. If the 
time is much longer in the formation of thefé 
cryftals, the more perfet they are. 

Formerly falts were only diftinguifhed from 
Stones, by being foluble in water; and of a cer- 
tain tafte; fo metals were diftinguifhed from mi- . 
nerals by the degree of fufibility. The inaccu- 
racy of fuch.a fyftem immediately appears, when 


* Dans le fel marin, par exemple, dont les molécules inté- 
grantes font effentiellement cubiques, les petits cubés, en fe ré- 
uniflant pour former un autre cubes plus confidérable, ne s’ap- 
pofent pas toujours en nombre fufhfant pour former des cubes 
parfaits, de forte qu'il ne réfulte trés fouvent de leur agrégation 
que des parallélipipédes rectangles gree ou moins larges, plus ow 
moins epais. Romé de I Ile. 
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we find that gypfum is foluble in water, and {chorl 
fufible by fire. | 

Linnzus was the firft who thought of affocia- 
ting cryftalization to the f{cience of mineralogy, 
and of rendering it one of the principal bafes of 
his lapidary fyftem. In the firft edition of his 
Syftema Nature, he only particularifed 18 fpe-. 
cies; in a fucceffive edition he increafed them 
to 40. Some mineralogifts reje& this mode as 
illufory and frivolous; they fay the form of cryf- 
talization is not a conftant charaéter, and more 
equivocal and variable than any other to charac- 
terife minerals: thus we find Buffon, in his Na- 
tural Hiftory, thinks there is more dependance on 
the imperfe@tions of a cryftal than the perfec. 
tions, and-hence divides them into three fpecies, 
viz. laminated, filamentous, and granular. 

The accuracy of Linneus’s fyftem is now de- 
-monitrated by the valuable obfervations of Romé 
de I’'Ifle. This celebrated Cryflalographift, in 
his firft work, enumerated 110 f{pecies; in his laft 
edition he has increafed them to 438*. He has 

ie . 3 | fhewn, 


-* At prefent it can only be expected that this {Cience is in its 
infancy. The.gypfum, the calcareous fpar, felenite fpar, rock 
cryftal, granite, and mica, are the only {pecies which are per- 
haps tolerably well known. ‘The fchorls, metallic and faline 
cryftals, perhaps not 100th part is yet afcertained. I am in- 
formed that Monf. Bournon, a gentleman refident at Padding- 

ie ton, 
Pc 
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fhewn, that in cryftals of the fame kind their 
faces form with each other the fame correfpond- 
ing angles; that even when the faces or planes 
vary in their relative figure and dimenfion, yet 
the refpeétive inclination of the fame planes are 
conftant and invariable in each fpecies *. 

When the principal angles, and the regular 
and diftinGtive forms of a cryftal are known, the 
intermediate varieties are eafily afcertainedT. 

Bergman, Abbé Haiiy, and others, have at-_ 
tempted to demonttrate, by geometrical calcula- 
tions, the mechanifm peculiar to fome cryftals, 
which are eafily divided by a cutting inflrument ; 
they have fuppofed that all the different forms 
under which the fame cryflalifed fubftance may 
appear, that there is one which may be regarded 


ton, and very eminent in this branch of Natural Hiftory, has 
enumerated 2,000 diftinét {pecies. 

From his attention, Dr. Babbington, and others, we have | 
reafon to hope that this fcience will be foon confiderably im~- 
proved. : 

* Les faces d'un cryftal peuvent varier dans leur figure et dans 
leur dimenfions relatives; mais inclinaifon refpeftive de ces 
mémes faces eft conftante et invariable dans chaque efpece. 


Romé de I'Ifle. 


+ Thus Romé de I’'Ifle fhews that feld fpars yet unknown 
will have right angles, as well as of 65°, 115 ©, 130°, or of 
150°; if there fhould be any new angles, they will always be 
found with fome of the atore-mentioned angles , fo that the fpe- 
eies may be known. 

as 
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as the primitive form, the other forms only being 
modifications; that the rhomboidal form of the 
ifland fpar is the primitive form of all the calca- 
reous {par. If in a cubic cryftal it is attempted 
to divide it by a feGlion parallel to any of its fides, 
there would be confiderable refiftance, and only 
irregular fragments broke off; if cut parallel to 
the diagonal, and the cutting inftrument inclined 
about 544 to the fide, without any trouble a py- 
ramidal piece will be detached; it will be fepa- 
rated in a laminated flate, with that polifh which 
Nature gives; and hence, by sradual fmall fec~ 
tions, equilateral triangular lamina will be fepa~ 
rated, increafing? as approaching the centre, fo 
that if the divifions be fucceffively continued on 
the eight angles, in equal correfponding fe€tions, 
as thefe fe€tions approach the centre they will | 
mutually interfe& each other; fo that the corners 
of the triangles being cut off, the planes will then 
become hexagonal; continuing the feGtions, the. 
_ laft-formed nucleus will prove to be an o¢iahe- 
dron, with equilateral triangular planes. 

Abbé de Haiiy does not affert that a cubic cry{- 
tal is of itfelf formed of an o€tahedron propor- 
tionate to the whole mafs, and rendered cubic by 
hexagonal and triangular lamina ; for the fmalieft 
particles perceptible by a microlcope have already 
a cubic appearance, he fuppofes thefe minute par~ 
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ticles may envelope a nucleus of the above-men~ 


tioned form *. 


* Abbé Haiiy farther obferves, that the granite of 24 fides 
\arifes from the juxta pofition of decreafing rhomboidal lamina 
‘upon the twelve fides of the dodecaedral granite with rhomboi- 
dal planes; hence he concluded that the laft refulted from the 
juxta pofition of four rhomboidal parallelipipedons. In order 
to prove the errors of a geometric theory, De !'Ifle fays that the 
fame granite may as well refult from the juxta pofition of fix 


ah 


octaédres furbaiffés, fimilar to the figure of the fuppofed primi- — 


tive of the cryftals of tin. As there are many dodecaedral gra- 
nites with rhomboidal planes, whofe ftria, far from being in a 
feries of decreafing rhombs, are feen in the 24 fided granite, 
with trapezoidal faces, but a feries of continually diminifhing 
{quares; fo that the above peer) 3 is only applicable to certair 
varieties, 


OF 


OF THE 
CRYSTALLIZATION OF BODIES 
RENDERED 


FLUID BY HEAT. 


WE have already feen that the conftituent pars 
ticles of minerals, when feparated by an inter- 
pofed liquid, and allowed gradually to unite, 
arrange themfeves in perfe€t fymmetric order, 
commencing at a centre, and gradually increafing 

themfelves equally all around. | 
When the conftituent particles undergo that 
change we have already obfetved in becoming 
fluid by fire, if they are placed in fach a fitua- 
tion as to flowly lofe their caloric, they are fub- 
je& to the fame influencing principle, and ar- 
range themfelves in perfeé& order; inftead of att- 
ing from a centre, they terminate here, and com~ 

mence from the circumference, 
ZL 2 Thts 
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This is the reafon why the conftituent particles 
of bodies rendered fluid by heat are more firmly 
united than the arrangement of thofe held in 
watery folutions. In the cry ftallizations of falts, 


tone > a 


each particle aéts uncontrolled by any furround-— 


ing medium; not fo with melted metals; the fur- 


face is firft cooled, and which neceffarily pre- 


vents the expanfion of the interior portion, fo 
that the conftituent particles are gradually more 
and more wedged with each other. 

Glafs, when fufed and left gradually to cool, 
inftead of forming a folid tranfparent mafs, fhoots 
out into figured cryftals, the conftituent particles 
being rendered fpherical by caloric; by flowly 
olin this expanding principle, they gradually 
recover their ‘native form, and. confequently i in a 
more perfett {late of union. 

If the glafs is fuddenly cooled, then the de- 
viation from the fpherical ftate of the integrant 
particles mutt be lefs; and the gradual arrange- 
ment which otherways would take place being 
thus deflroyed, are caufes why their union is fo 
meonfiderable. 

In order to have a perfe@, regular, and even 
furface of a glafs, that it may equally and pro-# 
perly refle@ the rays of light, the circumftance 
of its cooling gradually is particularly attended 
to. This we fee in the manufa&ories for plate 
glafs; after the plate is caft, it is placed in an an- 

a nealing 
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nealing oven for nine or ten dots: and the fire 
gradually diminifhed. 

So with glaffes for common ales they break 
with the leaft agitation if they have not been eX- 
pofed to the annealing ftate. 

This is the reafon why thofe glaffes, which are 
known at the glafs-houfes by the names of proofs, 
although fome of them are three eighths or half 
an inch thick, break with the flighteft tremor. - 

This experiment excites at firft a confiderable 
degree of furprife; a piece of lead, or any other 
inelaftic fubftance, of an ounce or two weight, 
dropped within one of thefe veffels, no effe& is 
induced; the minuteft fhiver of flint or glafs, or 
any thing that by its own ele€tricity will excite a 
tremor, the bottom of the glafs in the thickeft 
part immediately breaks, 

When a glafs, or any elaftic body, is thrown 
into a tremulous ftate, fuch is induced by the ac- 
tion and re-a€tion of every conftituent particle of 
the body. It is eafily fhewn how a large and 
thick glafs receiver lofes its circular ftate, and 
becomes elliptical* by the flighteft tremor; the 


eT. a glafs receiver, as is ufed for the air pump, be well 
fecured in a frame, if two fcrews be covered with ink or any 
marking fubftance, be applied on the outfide of the receiver in 
oppofite parts, fo as to be one eighth of an inch from being in 
contact with the glafs, on ftriking the receiver there will be ob- 
ferved on each fide a black {pot, which could not have been 
affected in both places without a change in form of the receiver. 
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amount of this altered ftate is equal to the fui 
of all the ations of the integrant parts of the 
glafs. When the glafs is annealed, there is the 
more intimate union of the particles, from theif 
native form being thus refumied. When the cools 
ing is hurried the union is fo imperfe&, that the 
flighteft tremor produces a feparation: the frac- 
ture takes place in the thickeft part from the 
fame caufe, viz. the tremor not being equally 
diffufed, the part which is thrown into agitation 
is additionally refifted by the diffonance of the 
_ contiguous lamina. 

So unannealed glaffes, in the form of a bell, 
will not admit of that expanfion which is induced 
by the warmth of a hand, without a folution of 
continuity. : 

A common glafs goblet fome people will break 
with their voice, by applying the mouth to its 
edge, and bringing their voice to a pitch in 
unifon with the glafs, and gradually increafing 
the fame note, the glafs will break; the aétion 
and re-a€tion of the conftituent particles being 
increafed, till the accumulated powers caufe a , 
difunion. 

This a@ion and re-a€tion of the minuter par- 
ticles cannot be reduced to any numbers: it is on 
this account we muft never expeét a true eftimate 
of the mechanical power of the wedge; we find 
a wedge will not penetrate a body when a thou- 


fand weight is laid upon its back, and which can 
be 


ie 
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be effected by a gentle percuffive force; a little - 
agitation throws the conftituent particles into a 
tremulous motion, and at the inftant of relaxation 
the wedge penetrates. . ; 


The Batavian, or Prince Rupert's Drops. 


Thefe glafs drops are in England commonly 
known by the name of hand crackers, of a pear- 
like form, with a long tail; when a {mall part of 
the tail is broke off, the whole drop is reduced 
into powder; this appears the more furprifing, as 
it is with difficulty that the larger part can be 
broke by a hammer, . 

They are made by letting drops of melted “ 
glafs fall into a veffel of cold water. 

_. The tails are afterwards drawn out by means 
of a lamp; the glafs is very rapidly cooled, and 
confequently ina very unannealed flate; the ex- 
ternal furface of the glafs is firft cooled, and, as 
before obferved, the conftituent particles in a 
very imperfect ftate of union; the interior por- 
tions of the drop are flower in their cooling, as 
they approach the centre, fo that every fucceffive 
portion will have their conftituent particles ina 
more perfe& ftate of union, and confequently in 
a {late of greater approximation; as fuch every 
interior portion will recede from the exterior, 
forming involucra, like the concentric partitions 
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of an onion. ~All thefe fpaces muft be in the 
moft perfeét ftate of exhauftion, free from every 
particle of air. | 

When the glafs is intermixed with any extra- 
neous matter, the regularity of thefe involucra 
js neceflarily deftroyed, and in that point we 
fee a little bubble; as thefe drops are made of 
the moft inferior ingredients, there are many of 
thefe bubbles. | 

That there are intervals of fpace in a ftate of 
exhauftion may be farther proved by rendering 
the drops foft by heat; the bubbles diminifh 
from the glafs by the preffure of the atmofphere 
being compreffed. 

When a portion of the tail is broke off, a 
communication is formed between the atmol- 
phere and thefe concentric vacua; the air rufhes 
in with violence into all the exhaufted intervals ; 
each vitreous involucrum yielding to the tremu- 
lous impulfe, the conftituent particles feparate, 
and the whole falls into ruins. 
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GENERAL CONCLUSION. 


That the conftituent particles of any body 
inay arrange themfelves in fymmetric order, it is 
previoufly neceffary that they fhould be in a hi- 
quid flate, either rendered fluid by caloric, or 
held in folution. By what means fuch large 
eryftallifed maffes * which are obferved arranged 
in the Alpine mountains, where regular-formed 
quartz is found in abundance, is a fubje& which 
has been much difputed. The Scheuchzers who 
ftudied among the fteep mountains of Switzer- 
land, amid rocks of granite, petrofilex, and jaf- 
per, had recourfe to the power of the Almighty, 
who broke in pieces thefe ftrata, and elevated 
the fplinters into the form of mountains. While 
Stenon, Hamilton, Buffon, and others, who only 
‘contemplated burning mountains, and traces of 
volcanic produétions, imagined the earth to have 
been liquefied by fire; and Woodward, from ob- 
ferving fhells and remnants of animals buried in 
the earth, remote from the fea, fuppofed the 

* Hottinger fays, that in the country of Valais there are 
perfect cryftallifed quartz, 6olb. in weight. Kircher aflures 
us he had met with fome above 1oolb. The Scheuchzets had 


fome in their colleétion 250lb. In the Leverian Mufeum there 
is the fineft and largeft fpecimen in Great Britain. 


Aa globe 
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globe was in a fluid ftate by water; he though 
the ftrata were regulated by their fpecific gra- 
vities. | 
Romé de I’Ifle thinks primitive mountains 


are the effects of cryftallization, the fecond in or- 


# 


der from fub-marine depofitions, and the more — 
modern volcanic. 

That the earth has been in a fluid ftate is far- 
ther demonftrated from the globe being flat- 
tened at the poles, a circumftance which could 
not have been induced by any centrifugal power, 
had not the earth been in a liquid ftate. 

If the whole had been liquefied by caloric, 


there are many fubftances, as quartz, &c. would 
not have been cryftallifed; and even bafaltes have 


been obferved enveloping watery cryftals of zeo- 


lite, which could not have exifted had the ba- 


faltes been fluxed by fire. 
Throughout the whole material world we fee 
diverfity of arrangements, and combinations of 
the conftituent particles; the difengagement of 
one principle giving energy to another, recipro- 
cally changing their fituations, to give activity 
to the whole. If we admire thefe mutual influ-_ 
ences, how exalted muft our admiration be when 
contemplating the effeéts of living powers. If 
we are pleafed with viewing the procefs of cryf- 
tallization, what muft we feel in feeing the ftate 
of organization. In the minuteft part of ani- 
mated nature, difcernible by our fenfes, what 
4 refources, 


| 
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refources, powers, and motions, are enclofed in 
the {mall portion of matter which compofes the 
body! What properties, what harmony, and 
what correfpondence between thefe parts! How 
many combinations, arrangements, and principles 
“concurring to one end! When to thefe reflec- 
tions we add thofe which arife from a contempla- 
tion of the powers of fucceffion and reproduc- 
tion, how loft we are to all conception of this 
Spiritual part. 


<¢ Behold this midnight glory, worlds en worlds! 

«© Amazing pomp! Redouble this amaze ; 

<¢ Ten thoufand add ; and twice ten thoufand more ; 

«© Then weigh the whole; one foul outweighs them all, 
« And calls th’ aftonifhing magnificence 

« Of unintelligent creation poor.” 
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MEDICAL ELECTRICITY. 


"Tur beneficial effe@s which have been experienced 
by the application of electricity in variety of difeafes, 
render it neceffary for every practitioner to medicinally 
examine this pervading principle. 

As our knowledge of this branch of philofophy is yet 
in its infancy, it requires the united obfervations of 
many individuals before its influence on our organization 
can be well afcertained. Every complaint in which it 
may be advantageoufly employed fhould be accurately 
characterifed, and its effects in every ftage of the erne 
carefully ftated. 

With fuch a profeffional confideration, C. W1iLKIN- 
' son has fitted up a {pacious apartment at his houfe, 
with an appropriate and extenfive apparatus ; by em- 
ploying electricity on an extenfive fcale, he flatters him- 
felf he may be hereafter enabled to make fome ufeful 
inferences. 

Every cafe, tothe utmoft of his power, he purpofes 
to accurately mark down, to obferve the ftated periods 
when any effects are induced, the degree of power em- 
ployed, and the requifite time for its eae! paiti- 
cularifed, 

To 
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‘To apply electricity to every difeafe indifcriminately, 
with the fame degree of force, &c. would be as empi- 
rical as to prefcribe any particular medicine as an univer- 
fal remedy. 

To accommodate thofe who prefer the adminiftration 
of electricity at their own houfes, C. WiLKrINson has 
arranged a number of portable eleétrical machines, which 
he equally fuperintends, : ; 

Thofe medical Gentlemen who favour him with any < 
dire€tions of the mode in which they with it fhould 
be applied, may depend upon the moft punctual atten- 
tion. 

Every year C. W. propofes to make a felection of 
thofe cafes which may come under his immediate care, 
and fubmit them to the Public. 
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COURSE OF LECTURES 


ON 


EXPERIMENTAL PHILOSOPHY, 


By C. H. WILKINSON, Surgeon, 
ONSLOW HOUSE, LEICESTER-STREET, LEICESTER-SQUARE, 


AND LECTURER ON EXPERIMENTAL PHILOSOPHY AT 
ST, BARTHOLOMEW’S HOSPITAL. 


INTRODUCTORY LECTURE. 


MECHANICS. 


Lect.I. THE properties of matter explained—That mat- 
ter, in a folid or fluid fiate, has its ultimate particles in aCtual 
conta&t—The increafe of fpecifie gravity of bodies going from 
a folid into a fluid ftate explained on mechanical principles, 
without the neceffity of adopting the incomprehenfible fyftem of 
fpheres of attraction and repulfion—That fluid matter, when 
entering into a folid ftate, having its particles difpofed in a cer~ 
tain arrangement, fhewn to probably arife from-the influence 


of 
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of fome aétive principle as electricity, atcording as the capaci 
ties of bodies may be increafed or diminithed—The effect fhewr? 
of electrified folutions in the confequent cryftallizations—The 
genera of cryftals, and the {pecies arifing from each genus, 
fhewn and explained. | 

Lecr. II. On the laws of motion and compofition of 
forces, with the doétrine of centripetal and centrifugal powers. 

Leer. III... Mechanical powers illuftrated by machines. 

Lecr. IV. The mechanical power of the animal economy 
as mufcular aStion—The powers. of the heart—The theories of 
Borelli, Lower, Belliniy Harvey, Keil, Hales, and Wilfon ex- 
amined, and the great utility of a mechanical knowledge to the 


furgical practitioner, illuftrated in a variety of cafes, 


OPTICS. 


Lecr. ¥. Of the properties of light, and the do¢trine of 
the prifm. as 

Lecr. VI. Of lenfes and mirrors—RefieGtion, refraction, 
an inflection, fhewn to moft probably depend on a certain ar- 
rangement of the fmaller particles of matter, and not fromi 
zetherial atmofpheres, as Newton conjectured. 

Lecr. VII. Of the eye—The denfities of the different me- 
dia determined on hydroftatical principles—The decuflated ftruc- 
ture of the cornea of thofe infects that are deprived of any ro- 
tary motion of the head, hence enabled to fee all around— 
The-loricated ftate of this part in birds fhewn to be admirably 
calculated for viewing objects in the different aérial media in 
which they are immerged—The ufe of the aqueous humour— 
The exquifite fenfibility of the iris, accommodating itfelf fo as 

to. 


| ( 185) 

to saunit early an equal intenfity of light ~The eryfaltine 
Jeng kts laminated ftate, confifting of firata of. different denfi- 
ties, thewn to be admirably contrived for conreting the aberra- 
tion of the rays of light—The different convexities of its dif- 
ferent fides, the actual fibrous appearance that can be thewn? 
_ render it probable that the power of the eye, in accommodating 
itfelf to objects at different diftances, is vefted in this lens—Geo- 
_ metrically demonftrated that it cannot be in the cornea, and 
that the ciliary zone feems calculated by occafional contraction 
to prevent any corrugation of the furrounding capfule, when 
the furface of the lens is diminifhed on account of its affaming 
‘a more fpherical form—The fibrillated texture of the retina — 
fhewn, and the eiiack alle coincidence of thefe delicately- lfocmed 
fibres with refpect to the angles the leaft vifible objetts fubtend— 
The theories of Kepler, Des Cartes, Newton, Le Cat, De la 
‘Hire, Pemberton, Smith, Porterfield, Reid, Huriter, and Home, 
examined. hae 
_ Lecr. VII. On the fimple, compound, aid folar micro= 
fcopes—The method of atranging the glaffes, calculating their — 
power, and preparing objects; and how the prefent ftru@ture 
might be improved—Of refracting, achromatic, and refleCting 
telefcopes—Of many optical deceptions. | 


PNEUMATICS, HYDROSTATICS, AND METEORO: 
LOGY: | 


Lect. IX. An examination into the different gafes, as far 
as relates to experimental philofophy--Their production, dif 


ferent gravities, properties, &c. | 
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Lecr. X. On found—Why its propagation exceeds thirteen 
times the velocity of the moft violent wind—Shewn to arife 
from no other change of place in the aérial particles, than their 
tremulous aétions and re-actions—The effect of an undulatory 
percuflion on the auditory organ—The admirably contrived. 
ftructure of the exterior portion of the ear—The analogy be- 
tween the membrana tympani and the cryftalline {hewn—The 
The mechanical advantage derived from the officula, not only 
determining the ation to the membrana feneftre beans but 
acting as fo many levers increafing its powers—Euftachian tube, 
formed for preferving a proper tenfion of the membrana tym- 
pani—The labyrinth——The aqueous fluid with which it is replete, 
producing an extenfive impreflion on the nervous expanfion with 
which it is lined—Its greater fenfibility than the retina fhewn. 
by its retaining, in a given time, a greater number of im- 
preffions, | 

Lecr. XI. Harmonics—The monochord—The analogy 
fhewn by Newton fubfifting between its divifion. and the prif- 
matic decompofition—Of the nature of fonorous bodies—Of 
the produétion of mufical founds, confonances, and diffonances: 
_ ~The Galilean comparifon of the vibrations of a mufical ftring 
with thofe of a pendulum—On echoes, whifpering galleries, &c, 

— Lecr. XII. On the weight of the atmofphere, fhewn by the 
air pump, with a variety of mifcellaneous experiments;—The | 
barometer, pumps, fire engines, condenfing machines, ste, 

Lecr. XIII, Of fluidity—The aétion of fluids on bodies. 
immerfed in them—The method of eftimating their fpecific 
gravities—The method at prefent adopted by fuch means of dif- 
covering the proportion of a known alloy mixed with gold or 
other valuable metal,. fhewn not to be perfec. 


} 
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iact, XIV... On the Hydrometer—Syphon—Reciprocating 
fprings, fountains, rivers, and feas—Diving bell—Hook’s ex- 


plorators, winds, thermometers, &c. - 


MAGNETISM. 


Lecr. XV. Iron, the only fubftance fufceptible of being 
influenced by it; others, as Nickel, &c. being only fo in pro- 
portion as they are combined with it—Of the action of the 
magnetic poles—How to render iron magnetic—An enquiry 
into its directive powers—Of the variation, inclination, &e, — 
The hypothefes of Halley, Whifton, Afpinus, Wargentin, Van 
Swinden, Dalton, and Lorimer—The coincidence of the line 
of no variation with the vertex of thofe irradiated electrical 
emanations in the air, called Aurora Borealis—Vanious mag- 


getic deceptions, 


ELECTRICITY. 


Lscr. XVI. An inveftigation into the nature of this fluid, 
by comparing its properties with thofe of light—Caloric, mag- 
netifm, and the ether of Newton—Shewn to he none of thefe 

That from fome of its effecis it may be the refult of a binary 
combination of light and caloric—Its produ&tjon by the ex 
citement of various fubftances by the hand—lts extrication by 
the contact of two bodies, or its difengagemept by the applica- 
tion of caloric, as produced by the immerfion of the tourmaline, 
topaz, &c. in boiling water, 

Lect. XVI. On the gonftmtion of electrical machines— 
~The various forms in which they are made examined—A com- 
parifon between the beft cylindric forms of Nairnes, and the 
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plate machine of Dr. Ingenhoufz, as at prefent fuperiorly con- 
firucted by Mr. Cuthbertfon—On Conduétors—How far it is 
advantageous to have an extenfive furface—Shewn to be inju- 
rious in charging a battery—On the cufhions, infulations, 
points, &c. | , 
 Lecr. XVIII. On the Leyden phial—The theories of 
Franklin, Eeles, Symner, De Luc, Bennet, Morgan, Reid, &c. 
fhewn to be inadequate to. its folution—The various ideas re~ 
{peCting pofitive and negative electricity —Cavallo’s explanation 
of the repulfion between negative electrified balls unfatisfactory. 

‘Lecr. XIX. On electrofcopes, electrometers, eleGrophori, 
dtvublers; collectors, &c. | 

Lect. XX. On atmofpherical electricity—The phenomena 
of thunder and lightning—The theory of Lord Stanhope re- 
| fpeting the returning Stroke, and the opinion of Morgan exa- 
mined—The produétion of fire-balls, fhooting ftars, Northern 
lights, cones tails, hail, fnow, and rain; how far dependent 
on electricity-—The theories of conductors, whether points or 
balls are more eligible—The opinions of F ranklin and Wilfon 
thereupon. 
“Pedr RXT, Wn examination into the properties of the 
“electric fluid in different gafes, and the increafe of fome and di- 
-minution ‘of others i in their bulk—The produétion and decorn- 
pofition of water by eleétricity—The calcination of metals— 
“The beautiful appearance of the oxyds when thrown on paper— 
The opinions of Van Marum—An examination whether light 
appertains to the eleCtric fluid, or elicited from the or through 
pcr it pafes — Whether apparent in a good Totricellian 
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~Lger. XX. On animal and medical electricity—The 
great fenfibility in the mufcular fibres of fome of the imperfect 
animals, as frogs, &c, being thrown into action by the applica- 
tion of two different metals, on forming a conneétion between 
them, fhewn to moft probably arife from the different capacities 
of the metals for giving out or abforbing eleCtricity by the clofe 
contact of fome fabftance, and hence the evolution may imprefs 
parts endued with the remnants of life, although its exifience 
not afcertainable by the moft delicate eleCtrofcopes—This ren- 
dered probable by fhewing that the mufcles of a frog are thrown 
into action at a much greater diftance from an excited machine, 
than any electrofcope—That it is not fimilar to the torpedo, 
gymnotus, or filurus—Thefe ele¢ctric organs examined—How 
probably the electricity may be generated, and how evolved— 
Why thefe animals, however irritated, never throw themfelves 
into a ftate for its accumulation, tilla previous circuit is formed 
—The theories of Galvani, Valli, Monro, and Fowler exa- 
mined—The effects of electricity on an animal body medically 
gonfidered. oT ee : : 


ASTRONOMY. 


Lecr. XXIII. The fituation and fize of the fun, and his 
double motions—The faculz that appear on his difk——The pri- | 
mary and fecondary planets, their orders, revolutions, magni-~ 
tudes, and diftances, with their reciprocal gravitating power 
explained. one ; : | 
- Lecr. XXIV. The fituation of the earth, and its triplicate 
motion——The difference of feafons—The moon and her coud 
phafes explained. | 

LEctT. 
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Lecr. XXV. The method of calculating folar and lunar 
-eclipfes—Tranfits of the inferior planets—An examination into 
the various ideas of fanciful aftrologers refpecting planetary in- 

\ 
fluence, how far fuch a power may probably exift—The wonder- 


ful action of the fun and moon in producing tides, &c. 


~ 


Thefe Legiures are illuftrated by a great variety of Pbilofophigal 
and Aftronomical Inftruments: other particulars may be known 
by application to Mr. Wilkinfon. Perfons preferring private 
snfiructions in any of the above Jeiences may receive [uch by ats 
pendanae on Mr. Wr, ae ona 
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In the algebraical demonftrations, I have not thought 
any illuftrative figures were requifite; they could not be 
neceffary to the mathematical reader, nor of any ufe to 
one unacquainted with the principles of geometry. It 
may be proper to obferve, that in the afcertainment of 
the centres of gravity and percuffion, AB is fuppofed in 
both to be the length of the cylinder, and EF the dia- 
meter of the circular end. In order to det ermine the 
ftrength of a cylinder, it is fuppofed one end A fallened 
to a block CD, and a weight D W aéting on the other 
end B, the weight increafed till the cylinder is broke: 
the tranfverfe fection is exprefled by ERG, which mug 
be fubftituted for aéc, which by miftake was Blaged as 
exprefling the tranfverfe feGtion. 

In the demonftrations of the fpine, and not being of 
a ferpentine form, only the points of infle&tion and re- 3 
trogreflion are particularifed. 

In the calculation of the powers of birds the decimal 
has been emitted; inftead of a cubic foot of air weigh- 
ing 12 ounces, it fhould be exprefled 1.2 ounces, and 
ultimately the fum of the powers 200lb, 
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